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METHYL SALICYLATE 1.—THE SEPARATION OF SALICYLIC 
ACID FROM METHYL SALICYLATE AND THE 
HYDROLYSIS ОР THE ESTER. 


By И. D, Отвв$. 
(From the Chemical Laboratory, Bureau of Science, Manile, Р. 1.) 


Since salicylic acid and the salicylates have been probibited in foods,* 

il becomes necessary in many eases io separate salicylic acid and its 
metal salis from esters. 

The methyl ester, either the synthetic preparation or oil of gaultheria, 

ov oil òf betula, is often found to bo a constituent of many non-alcoholic 

s the so-called root beers, sarsaparillas, and soda-water 

navors. he United States Pharmacopeia and the National Formulary ? 

its use as 


heverages, such 


auibo \ Hayoring agent, and it is therefore often found in 


emulsions, the most common of which is cod-liver oil and other pharma- 
eopieial prepar s 
Salicylic acid or ils 


ts and its meth 


ester suay be, and often are, ' 
found together in the above preparations : first, through ihe incorporation 
of both in the original mistar ;1 salicylate, or oil of 
g amounis of free 
when a comparatively pure ester is 
employed, free salicylic acid may equently become a constituent, of 
the compound through the hydrolysis « f tho ester. 

Regarding the first of the: it is suficient to note that pre- 
servalives of various kinds, borax a ; acid, benzoic and salicylic 


econd, when meth 
er may contain v 


запеа, alone is used the 


ieylie acid as an impuri 


кп, м. Dept. Agric, Рош Inspootion Decision 76 (1001)... 
зза ed, (1906), 46. 
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in soda-water 
boih when 
turers have 


acids, have been found by the writer and other investigato 
flavors, root beers, sarsapavillas and eod-liver oil emulsio 
methyl salicylate was present and absent, and sı al manufa 
verified the findings by submilting their formulas for some of these prep- 
In many cases it is possible that a preservative, in addition 
to the methyl salieylate, is quite superfluous, the ester probably hav 
antiseptic quali sullicient to render the employment of other ster 
ing agents от processes unncecoss y. К 

Concerning the second source of salievlic acid, namel) an impurity 
in the methyl salicylate, an examination of all of the different samples 
available in this laboratory and in the city of Manila, eight in all, has 
revealed the presence of the free acid in every са Two of these samples 
were represented to be genuine oil of ganlilieria, and six were synthetic 
preparations, АЛ were of European exportation and had been in stock 
in this city from a few days to over а year. The amounts of (ree sulieylie 
acid varied from a trace in one laboratory sample to 0.023 per cent by 
weight in a genuine oil of winlergreen. ‘These small amounts do nol 
wholly account for the larger quantities of salieylie acid or jts salis 
which have been found in a mmber of different preparalions upon {һе 
local markets and entering ihe port of Manila, 

The third source, namely, the hydrolysis of the саков, will be shown ! 
to account, in many cases, for the presence of free salicylic acid in prep- 
in which comparatively pure methyl salieylate has been employed 
as au ingredient. With alkalies the rate of hydrolysis is very rapid; it 
slower with acids, and even with distilled water the hydrolysis is 
measurable, The temperature is an important factor of the vale, Ti 
is therefore not surprising that the formation of salieylie acid from 
methyl salicylate in this way is quite appreciable in foods or drugs which 
have been shipped by vessels to this port. The temperature of the holds 
of the vessels often rises above 30° in the tropies. "Phe voyage by fastest 
steamers from Ktrope or the ited States occupies about one month 
and by sailing vessels a number of mon ths, and during the entir 
the rolling and pitching of the vessel produces a constant agit 
the contents of bottles, casks and other containers, maintaining, in all, 
favorable conditions for hydrolysis 


THE DETERMINATION OF SALICYLIC ACID IN МЕТИ 


ALIOYLAT 

The free acid can be titrated directly. The indicators which have 
been found to be applicable are Congo red and erythrosin. Alfred J, 
Cohn ? says, "Congo red may be used for estimating mineral acids in the 


` It is hoped that this investigation will form a part of 
‘While this phase of the question will be ioue 
dealt with in a later paper, 
* Indicators and ‘Lest Papers, J. 


a later paper. 
hed upon here, it will be further 


ley & Sons, New York (1904), 56. 
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presence of organie acids. as the latter do not affect it.” ‘This has been 
found to be an error, lieylie acid ean be accurately titrated, the end 
point being very sharp when either standard sodium hydroxide, carbonate 
or bicarbonate solutions are used, the carboxyl group only being affected, 
Walker and Wood * have used Congo red for titratin jeylie acid against 
barvia. Erythrosin has also been found to give fairly good results, 
although Cougo red has been used almost entirely flronghoul this work. 

In titrating the [rce acid in methyl salicylate, from 5 to 20 cubic 
centimelers of the ester are shaken with an equal quantity of neutral, 


distilled water in a gla 


toppered flask, and standard alkali, Ed added 
5 


until the color indicating the end point remains permanent on shaking. 
шага solutions of sodium acid carbonate? are best used jn this 
titration, for reasons explained further on, although sodium hydroxide 
solutions give aceurale results. : The titrations were carried out at the 
‘ied in this laboratory from 28° to 81°. 

In order to show that the acidity of the samples was noi due to acids 
other than salieylie, the following method was employed: Ten cubic 
centimeters of the ester or oil of. gaullberia were extracted three times 


room teuiperattre, which và 


with 5 cubie centimeter portions of 1 


y dium acid carbonate. The acid 


“teil three times with chloroform 
to remove the ester which was in solution, made acid with sulphuric acid 
(L io 3) and extracted three times with chloroform. The chloroform 
extracis were united, filtered into a weighed dish, and evaporated spon- 
taneously in a vacunm d weighing the residue, it was 
dissolved in hot water and the salicylic acid determined colorimetrically.* 


carbonate solutions were united, extr: 


мма донен af salicylic acid in natural and artificiat oit of gaultheria. 


i | Salicylic ncid— | 
i Sample. Amount. — E | u 
| Brant [Oo By weighing Lm | 
| , Por ecu. | Por ecut, 
| ой of gaulthería (genuine! 0! 0.025 | KAmy.=20.0K6 percent | 0.028, | 
| y nthetic. 10 | 0.0113 | 3.9 ту. 4033 per eent. 6.113 


‚Слет, Sor. (1808), 73, 619. 
"Standard solutions were тие from Kahlbam’s sodium acid carbonate, which 
was found {о be very pure. 
* Methods of Analysis, Bull. С. Я. Dept. Agric. (1907), 107, 180. 
зто weights of tl icylie acid are evidently too great for the reason that 
imperfect, Small quantities of the acid are so easily v ed that 
derel preferable to err in the opposite dircetion and rely upon the 


drying 9 
it was cons 
colorimetrje method for aceurac, 
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yLiG ACID AND METIIYL 


ARATION AND DETERMINATION OF SALIG 
SALICYLATE IN FOODS AND DRL 


investigation, containing salicylic acid and methyl 


The substanee unde Hee 
salicylate, is made strongly alkaline to Congo red with an approximately 
dium acid carbonate, free from normal car- 


normal solution of pure D | 
bonate™ and, if nol homogencous, the aqueous solution is separaled ane 
repeated with the residue until ij is thoroughly extracted 


the proce ў 
die acid has now 


by the sodium acid carbonate solution, АП of tbe sali | 
passed info the acid carbonate solution in the form of sodium касу al 
together wilh small amounts of methyl salicylate. ‘This solution is 
extracted repeatedly, not less than three times, with small amounts of 
Tieylate have heen removed. "Fhe 


e 


chloroform" until all traces of methyl 
sodium acid carbonate solution is now made acid with sulphuric acid 
(1 to 3) and extracted in the usual way to remove and determine the 
salieylie aeid.!? i 

This method has been successfully applied to emulsions of cod-liver oil 
which are usually very difficult to separate. The sodinm acid carbonate 
layer, carrying the salicylic acid and small amounts of methyl salicylate, 
can be separated in a rapidly revolving centrifuge. With non-alcoholic 
beverages and soda-water flavors, the method is especially casy of manip- 
ulation. During the process of extraction, while the methyl salicylate 
is still in the solution with the salicylic acid salts, the temperature should 
not be unduly raised for the reason that the rate of hydrolysis of methyl 
salieylate is accelerated with inerease in temperature. During Ше manip- 
ulation in this laboratory, where the temperature is always high, the 
solutions have been kept below 35°, which temperature has been found 
to be a foirly safe limit, Lower working temperatures are, of course, 
to be desired. 

The ester, separated hy chloroform extraction,’ is saponified hy heat- 


* Solutions of sodium acid carbonate Jose carbon dioxide and therefore should 
be freshty prepared and kept in well-stoppered bottles, The loss of carbon 
dioxide, ihe inerease of normal sodium carbonate, and consequent increase af 
sodium hydroxide in the solution is i most enses counterbalanced by the 
of the substance under examination. When this substance is very acid it is 
made alkaline by the addition of solid sodium acid carbonate in order {о avoid 
а grent increase in the bulk of the solution. 

* Chloroform has been found to be hotter than ether for removing the methyl 
salicylate from this solution, for the reason that it is he h 
aqueous solution. 

* Methods of Analysis, Loc. eit. 

"In the ease of oil emulsions and some other mixtures the ester is hest 
separated, after the removal of the salicylic acid, by steam distillation from a 
sulphuric-neid solution. Since methyl s ale is pari ed on heat- 
ing in a sulvhuric-acid solution, it is necessary {о carry on the distillation until 
all of the salieylie acid formed has passed over into the receiver, 


ble with the 
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ing in a flask with refinx condenser attached, on а sieam bath, with a 
large execss of strong caustic alkali solution. 
Alter $ saponification 


s complete, half an hour usually being sufficient, 
the condenser is detached and ihe heating is continued until all of the 
chloroform is expelled, The solution is then diluted to a known volume 
and the salicylic acid determined in aliquot portions, The following 
quantitative experiments serve to show the manipulation and the accuracy 
of ihe method. 


1.0256 grams methyl salicylate were dissolved in 50 cubic centimete 


of a 2; 


pota 
s diluted to 200 eubie centimeters and 2 cubic centimeter port 
made acid with sulphuric acid (1 to 3) and extracted four times 
amounis of chloroform. ‘Che chloroform was evapor 
and the residue di 
dte 


the residue wi 


ated in а vacuum desiccator, 
hot water. The salicylic acid 
ieally * in this e 1.0640 grams methyl salicylate. 
1.2277 grams treated as above gave 1.2667 grams. 

0.1568 grams dissolved in 10 eubie eentimoters of a 25 per ceni solution of 
sodium hydroxide gave— 


olved in 100 cubic centimeters 


mined colorint 


solution ga 


т. п. 
0.1499 gram. 9.1565 gram. 


18 OF METHYL SALLOYLATE WMI БОРЦОМ CARBONATE 
AND SODIUM HYDROXIDE?" 


THE TLYDROT. 


N 


Solutions of sodium hydroxide, approximately 
o 


by dissolving clean, metallie sodium in distilled water from which the 
gases had been expelled by boiling. ‘These were agitated in bottles with 
an excess of methy! salicylate and 10 cubic centimeter portions were 
removed and titrated at interval. The reactions were all carried 
on at 30°, with variations not exceeding 41°. ‘This is the prevailing 
temperature iu this locality. 

In the following tables, £ is the time expr 


and х, were made 


g 


ed in hours, v the volume 


of = sulphuric acid used to neutralize 10 спре centimeters of the reac- 


tion solution at time 4, and v is the percentage of sodium hydroxide 
which has been used in the reaction. 


1 Color comparisons made with a wedge colorimeter. 
ore extended investigation of the hydrolysis of methyl salieylate with 
acids, alkalies and water and the catalytic action of tropical sunlight is being 
carried on and will probably be presented in а Tater paper. The cases of sodium 
earbounte and hydroxide aro here taken up merely to show the basis of the 
analytical methods, 

s Ostwald-Tather: Physiko-Chemisehe Messungen, Leipzig (1902), 447 
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Tanne TT—Hydrolysis of methyl salicylate by sodium hydroxide. 


0.203 normal NaOH; T — 3 


0,090 normal NADIE: 1 2d. 

Е г А ——— 

и | өзө | osos is | ns | 

| lt | n og 1 85 e | 99.00 | 
i i i a 


N. є л 

„ sodium carbonate solutions were made trom the pure salt and also 
a 

from the carbonate formed by the ignition of sodium oxalate. А large 

excess of the ester was used in every case. 


MOLE NTL — Hydrolysis of methyl salicylate with sodium carbanate. 


FIRST SERII 


0.2 normal X: 


METHYL SALICYL: 
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Taper ULM ydrotysi 
pre UL —Hydrolgsin of methyl salicylate with sodium carbonate--Continned, 


TRD SERIES. 


гое, 


m 
| 
ЕЕ 


PER CENT ALKALI MEUTRALIZED 


BN die mE 


5 22 хо са ao GA 


737 HOURS 
ки. L—Uvvnotysrs or Minit SAMCYLATE, 


‚sis with sodium carbonate is s smooth curve, the break im 
ange of seale. 


"The rate of hydro 
the diagram being due to the 


‚ constructed from the above tables. It 


The curves shown in fig. 1a 
is to be noted that the hydrolysis of the ester with sodium hydroxide goes 
to completion; that is, io the point where all of the hydroxide has been 
used in the reaction, or at least it goes very nearly to Completion in about 

nate, equilibrium, for all practieal 
hed in abont one month, at the point where al! of the 


twenty-four hours. With sodium ¢ 
is n 


purpos 
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normal carbonate has been converted into the acid carbonate according lo 
the equation: 17 


6,1, . OH . COOCH, 


Na,C0,—O,H,. ОП. COONaJ-CIH.,OW-4- 
NaHC( 


To prove that this is the end point of tho reaction, or at least. the point 
where the rate is exceedingly slow, the ester was shaken for days will pure 


sodiwn acid carbonate ?® solution in a number of sealed tubes. While 


10 
a slight reaction was noted, it js helieved that the substances were 
practically in equilibrium. Any reaction taking place is nol suf- 
ficiently rapid to affect the acenracy of the analytic methods previor 
deseribed, which depend upon sodium acid carbonate for the’ removal of 
salicylic acid as sodium salieylale from the presence of the methyl ester, 
without saponification of ihe latter. 

Cahours 2° says that concenirated solutions of alkalies reach with 
methyl salicylate in the cold to produce the salts of the ester, Freer?! 
has prepared sodium salicylic еу] ester by the action of sodium upon 
the ester and by the action of sodium hydroxide upon the ester in 
Ciherial solution. Пе mentions the fact that the compound thus formed 
is easily hydrolized by moisture. The reactions with dilnie solutions of 
sodium hydroxide and sodium. carbonate, here deseribed, are hydrolyti 
Analyses of the solutions at the end points of the reactions, prove that 
the products of ihe saponifications are present in the amounts indicated hy 
the theory, 


“The hydrolytic dissociation of sodium hydrogen carbonate accor goto the 


equation: NaliCO,+ 11,0 AOlLFH,CO, necessitates a gaseous pressure of 
carbon dioxide and а continnous Ioss of the gas with formation of normal sodium 
carbonate in tho solution. A discussion of this question may be more fully 
entered into a Jater paper. It is sufficient here to nole that the effect due to 
this cause is very slight, 

^ The amount of the hydroxide in this solution is very small. McCoy, Am. 
Спот. J, (1903), 29, 453, has caleulated the concentration to be 2.910 

"А more detailed discussion will be taken up in a Tater paper. 

э Дая, Chim. Phys. (1844) (3) 10, 327. 

“Am. Chem, J. (1892), 14, 411. 

“Secondary reactions take place, to в small e tent, not sullieient to af 
the aeeuraey of the method. Some of these, pro 
being studied. 


t 


ly due to light rays, are 
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Tanie IV The analyses of the solutions described in Tables H «wl ИТ at the ond 
of the reactions. 


Solution. Ж 


Per cent. 


; ee 
| | мешу аео, | 
| 
| 


ernt. Per cent." Per erit. 
0.203 normal NaOH | wm олт | 
, 0009 norma! Na) ГЕЗА 


0.32 | 
Ж 


SUMMARY. 


Tt is shown thai methyl salicylate (synthetic), or oil of gaultheria. 
when used in foods and drugs, may give rise to the presence of salicylic 
acid, first, as an impurily in the ester; second, through its hydrolysis. 

Methods for the separation and quantitative estimation of salicylic 
acid and inethyl salicylate are deseribed. 

The rate of saponification of methyl salicylate in solutions of sodium 
hydroxide and carbonate are studied. 


‘The work in some of its other phases is being continued. 


NOTES ON THE SPROUTING COCONUT, ON COPRA, AND 
ON COCONUT OIL. 


Лу fÉesnnexT B. WALKER, 
{From the Chemical Laboratory, Bureau of Seienc 


Manila, P. I.) 


CON 
1. в ох AY IN THE COCON 
IL. Сил Ix THE COMPOSITION OF WOE Сосохог WITLE BPHOCTING. 


ПГ. Тик ACON ох Coria 
IV. Tur Рворсемох or F 
STANDING. 


MICROÖRGANISMS тх Pun 
REB Аси» AN ÜOMMEROIAT. Сосохот Оп, ох Тохо 


I. EXPERIMENTS ON ENZYMES IN THE COCONUT. 


The following experiments were made in an endeavor to discover if 
the coconut, like the castor bean and many other oil seeds, contains a 
fat-splitling enzyme capable of saponilying outside of th 


rowing mut. 
COCOXUT Foor. 


Experiment I —One Wandred grams of the fresh foot in a sprouting coconut 
were ground with sand and water, and the expressed liquor was strained (lirougli 
cloth. One per cent of toltol was added and the whole allowed Lo stand on ice 
over night. 

(а) Five enbie e 
buiyrate were kept m a wa 


Limetors of water. 1 of fresh liquor and 0.25 of ethyl 
v bath at 40° for fifteen minutes and then titrated; 
were required O48 cubic centimeters of 10 potassium hydro: 


neutralization. "The mixture was allowed to stand until the next day, when it 
took 0.12 eubie centimeter more of the same solution of alkali, 

(b) Five eubie centimeters of water, 1 of the boiled liquor and 0.25 of ethyl 
butyrate were placed under the same eonditions as the above for fifteen minutes 
ima water bath; there were required for neutralization 0.45 cubic centimeters of 


thei e for 


N potassium hydroxide and on the next day 011 cubic centimeter more. 
10 | 


(c) Five enbie centimeters of water, 1 of fresh liquor, 0.25 of ethyl butyrate, 


> ү Nice os 
1 drop of phenoiphibatein, 0.28 eubie centimeter of jg potassium hydroxide 


and 0.1 of tolual were placed in a waler bath for (hirty minutes, then stood 
N 


at room lemperature until the next dey, when 0.09 eubie centimeters of gg 


potassium hydroxide were required for neutralization. 
ge) The eonditions were the sume as in (e) with the exception that boiled 
1n 
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N potassium 


liquor was used. ‘Chere were required 0.12 eubie ceniimeter 10 


ation. 


hydroxide for nen 
Conclusion. —No enzyme capable of bydrolizing ethyl butyrate is pres- 
ent in the press liquor from Ihe coconut Foot. 
For comparison I give ono experiment by Kastle and Loevenhart ! 
working with а 10 per cent extract obtained from the pancreas of a pig. 
One спе centimeter extract, 4 of water, 0.26 of ethyl butyrate and 
0.1 of toluol were Кері at 10° for fifteen minutes and showed an increase 


in acidity corresponding to 1.63 cubic eenlimeter ió potassium hydroxide. 


A similar test with the boiled extract showed no in 
whalsoover, 
My Experiment Т was continued as follows: 


(с) Eight cubje centimeters of fresh liquor, 5 of coconut oil and 0.1 of doluol 


se in acidity 


were allowed to stand one week. Might eubie centimeters of > potassium 


hydroxide were required for nentralization. 
(Р) Bight cubic centimeters of boiled liquor, 5 of coconut oi 


and 0.1 of 


toluol were allowed to stand one week, 19.9 eubie eentimeters potassium. 


N 
10 


hydroxide were required for neutralization. 


on sianding 
enzymes had 
taken was 


The boiled liquor showed a considerably greater acidi y 
than did the fresh, hence it is evident ihat no hydrolysi 
thus far heen proved. "Phe nut from which this foot w 
perfectly sound and free from mold, bnt the inner surface of the meat 
wext to the foot had begun to soften and had a greasy feel. A portion of 
this soflened meat was dried and expressed, yielding an oil containing 
3.3 per cent of free fatty acids, showing that hydrolysis io a marked 
extent had taken place in the growing nut. 


d for ihis series contained a foot 
was ground in а sausage grinder aud 


Experiment IL— The sprouting nut us 
which almost filled it. The meat remain 
a oream-like emulsion pressed out. 

(в) The action with ethyl butyrate—Vhe conditions were; 5 enbie centi- 
meters of water, ( of ethyl butyrate, I of toluo amd 1 of cream, with the 
following result: 


cd, : 

room ^ room tempor | 

neo. ature for | 
2 duy 


! ized, let Let stand 1 day 
lihonrent | stand at room | anc 
a c. 


| 
| Conditions, 


i П 
Fresh ertam.... EDT 


or Per ee х 
коп | 0.12 ee к КӘН | 9.10 ce. токон 


x 
у КОИ | 6.45 ec. № К. 
jo ROM | ti ee кон 


Boiler степти. 
" 


a ЭЁ N 
| 0.85 ee- көп | 800 ec у, 


‘Amer, Chem. Journ. (1900) 24, 491, 
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cereum alone with 1 per cent of toluol as an antiseptie was allowed 
neubator. 
-of boiled eream required 7 cubic ecntimeters of 


pot 


ium hydroxide to neulralize. 


(2) Five cubie contimeters of fresh cream reynived 12.8. ешле cenlimeters of 


N ра 
10 


ium hydroxide to neutralize. 


(e) After pressing out the ercam used in (и) and (b), Ihe 
with sand and water and two fractions pressed out in the bydra 
(up to 250 kilograms per square coulimeter) amd B 250 to 450 kilograms). 
‘These samples were kept under the same eonditions as in ($) far four days and 


1 
aliquot portions, cach of 5 cubic centimeters, were titrated with B potassium 


hydroxide. ‘The following is the result: 
A, boiled and fresh, and В, boiled and fresh, слей took 0,05 eubie centimeter of 
V 


0 


VA 


potassium hydroxide to neutralize, 


The cream from the first pressing (a) is therefore the only one showing 
any indication of enzyme activity. 
(d) Five cubic centimeters of the eream from the first pressing (0), 5 of 


coconut oil and 2 of toluol were placed in an incubator for four days; there 


were required 12.4 cubie centimeters of E potassium hydroxide for neutraliza- 


iion. A control made under the same conditions with boiled cream required 
6.6 cubic centimeters, 


The greater increase in acidity of the unboiled cream seemed at first 
to indicate enzyme action; but plate cultures made from the two tubes 
showed a considerable number of mold and bacterial colonies, these being 
more numerous in the unboiled tham in the boiled cream. Therefore, 
it scems more reasonable 40 attribule the increase in acidity to the 
inefficiency of the antiseptic used, rather than to a specific enzyme action. 


COCONUT MILK. 


Experiment H1—The nut used had begun to sproui, its inner space being 
almost completely filled by the endosperm. About 50 eubie centimeters of milk 
were obtained and tested, the conditions being as follows: 5 eubic centimeters of 
water, 0.25 of ethyl bniyrate, 1 of toluol and I of milk. 


^ "m sat 12 hours at 
Conditions, | W. | 


Urboiled .... | 1.28 © 


Ron " 


Boiled а... 


РА А 
[sem jg КОН | 0, Зоо, 


The results show no evidence of the presence of an enzyme in coconut 
milk. 


| 
| 
| 
1 
| 
| 
) 
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MEAT AND MILK. 


Keperiment IV. —(a) The expressed cream from the went of a mit j 
beginning to sprout was used, the conditions being ax follows: 
Vive eubie centimeters of water, 0.25 of ethyl butyrate, 1 of боль and 


of cream, 

[ | : Not nentralized. — | 
| | уши, ЕП | 
m d, an | 
! Conditions, мзш, |} нй! quom ШУРА 
i 1 Jihours, | tempera- | i 
] i | їл j=- c 
р | denm 1 u [assit 

RÀ ЕЕЕ, i | 
! се, | с Н s 
| 
cu; оз | 
PIS | ; 
| 9.16 1 i 


(4) Five eubie centimeters of water, 0.25 of cthyl buiyrate, 1 of 1 to 1.009 
formalin and | of cream were used. The unbo led mixture after twenty-four 


nre took O. 


hours at room temper: eubie centimeter of jo Potassium hydroxide 
and the boiled mixture 0.48 to neutralize. 


Here n; 


n, although the unboiled cream increases in acidity fairly 
rapidly in the presence of (опий, the increase must be due chiefly to 
ineficient antisepsis, as it is almost entire 
(lution of 1 to 7.000. Experiment ha 
strength has practieally no action on en 


v inhibited by formalin in а 
х shown thai formalin of this 
mes. 


Erperintent Ve 
and ether, the prec 


The cream used in Enperöment IV was treated with alcohol 
itate washed with alkohol and finally with ether and thon 
dried in a Устин over sulpharie neid. One gram of this powder rubbed up 
with 20 cubie cc yielded a milky Liquor which was tested for 
the presence of enzymes, the following being used: 

Five eubic centimeters of water, 0.25 of ethyl outyrate, } of tolol and 1 of 
the liquor, the mixture being kept in the incubator at 35° io 40° for two day 


timeters of wate 


red 0.5 cubie centimeter of 


Bath the boiled and anboiied liquor requ 


10 


potassium hydroxide to neutralize 


It js evident ihal the precipitate obtained from coconut cream by the 
above method contains no fat-splitting enz, 


es 


COCONUT FOOT AND COCONUT OIL. 


Eeperiment VI—(@) One bandred grams of foot from two nuts with sprouts 
abont 1 meter long were mixed in à mortar with 100 eubie ei 
vocomit oil, 100 of water and I of chloral. The mixturo wi ground for 
about one hour to prepare a good emulsion, it was then strained through cloth 
and 25 cubic centimeter portions we 


o placed in small, stoppered Erlenmeyer 
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cause for the destruction of the fat in the growing nur wust therefore be 
sougbt els 


shore. А discussion of the changes taking place in the 
spronting nul. is given in ihe following chapter. 


и. CILANGES IN TOE CON POSITION OF 


1E COCONUT WHILE SPROUTING. 


Four pairs of sprouting coconuts of different ages but appro mately 
ition de- 


ize were selected. for this work and their compos 


of the same s 
termined as follows. 
TOTAL WEIGHTS. 


rights of the whole nuts 
mt (wìth 


Alter measuri 
Unehuding the 
roots) were determined at once. 


the length of the sprout, the tot 
| but free from husk), the milk, foot, meat and 3 


мк 


"Three samples of JO gr ich were taken from each nut for analysis, v 
‘Ten grams from that portion of lhe ment nearest the foot; 

Fen grams from that portion of the meat Jarthest from the foot; 
remainder which in Table T is 


"en gruns as » sample of the 
ealeulated on the total. 
Moisture, Хе materia 
"he dried meat 
Soxhlet соло with chloroform. . 
Roger. —Átier removal of the oil the remaiuder was extracted with 30 eubie 
centimeters of water for three hours jn the sume apparatus used for 
oj) extraction, the solution was then placed in a 100 enbie centimeter flask, 
ied with basic lead acetate, the exeess of lead removed with potassium 
late, the whole diluted with water to 100 eubie centimeters, filtered, and 
n. the sugar determined in 25 eubie centimeters of the filtrate by 
yimetric method. 
This was determined ju the residue from the extraction with 
ing Agriendturel 


an as 


Js were dried for five hours at. 100° C. 
gronn to a fine pulp in a mortar and extracted in 


as Was 


Crude fibe 
water, aceording to the method of the ts oviation of Ofie 
Chemists. 


FOOT, 


am samples were ground to a fine pulp and placed in a 10% 
bje centimeters of water, they were then 
ure with occasional shaking: for three or four 
the addition of basic 1сай acetate and 


Sugar 
cubie centimeter fla 
allowed (o stand al room tempe 
hours amd diluted to the mark all 


with abet, 


potassium oxalate, ‘Twenty-five еше centimeters of the filtrate were inverted 
And the sugar determined by Fehling's gravimetrie method. 
Crate fiber-—Detormined according to method of the Association of Official 


Agricultural Chemists 
мил. 


Sug Vifty-gram samples were clarified, diluted io 100 eubie centimeters 
and 10 eubie centimeters taken for the Fehling delormination (equivalent te 


gram samples). 
4 


= FATTY ACID IN TNE OIL FROM THE МЕА 


After determining the percentage of oil jn the meat. the oil was titrated in 


assinm hydroxide, phenolphthalein being used as 


weoholie solution with Ñ pot 
10 


an indicator, 
The resulis ure given in ihe following table: 


ABLE L—Changes taking place in the coconut during Sprouting. 


Number. 1. 2 | 3. : D 5. 
Length of sprout in centimeters et этн 1 11 ° 
0 Й 
Tatal weight in grams of nut free from | | 3 | ! ' 
husk (лени; spront, roots and ` | i 
shell)... Was 1004 SW "NoD 
Total weight in grams of milk | зи a0; | 25 200 
Total weight in grams of font - "m: эз n 
Total weight in grams of meat m! € 4 ‚аш! 


Weight of sprout and roots 


10 grams opposite foot. 
Batanee — 


Ой in meat, 


b grams near foot... 


0 | Not weighed. | Not weighed, 
| 


10 grams near foot. 
Water in meat 410 grams opposite foot. 


Balance - 


110 grams ne«r foot. 
gar in meat fi grams opposite Font. 
[Balance .. - 
M grams mear foot 


rude fiber in 
meat. 


10 grams opposite foot, 
Daluneo 


Стаде fiber in joot 
foot .. 


Sugar i 


Pee уси Рег | Weigel r 
cent. eign i gong, [Wht] ount к= ent, | Weiche, Кл: 


WEITE 0 4&7 
m 015; 
WE Шан os. 4s оче] 
EAE 10.6 | T 

0.81 | 9.17 | 0.10 | 

0.20, влт 020 

а | ов nt 

°з оз | °з, 

EE a. x 

27 за | Е 


1 
Weight. 


1 
4.79 | 
3.69 | 
| 
б» 

мы 


Рег 
cent. 


‘Weight! 


Per | 
cent, (Weight 


No ment near foot. 


342/319 А5 
394 and от | 
о meat norr toot, 
5121 51.2} 
63.1 ШЕ 
No meat near foot. 
0.15 3.5; 9.08 - 
1.5} fa 
No meat nuar foot, 
OI) LF} 019 


ent. 
je 


Per 


OS 


1.9 


Oct 


NRLSIVAL 
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DISCUSSION OF TILE CHANGES ‘TAKING PLACE. 


Mutk.—The total quantity of milk shows a marked diminution from 
874 grams in an unsprouted nut to nothing when the sprouts have at- 
‘cided loss in the sugar content 
of the milk takes place at the ваше time, as this constituent falls from 
2 per cent and 2.3 per cent in the milk from the unsprouted nuls to 0.3 
per cent jn the ones which have sprouts 38 centimeters in height. 

- Meat.—Here also a decided loss in total weight is evident, as it drops 
from 457 grams in nut number 1 to 148 grams in number 8. ‘The loss 
seems to be due to a direct absorplion by the foot, the process taking 
place at first only in that portion of the meat located near the later, 
but increasing rapidly as the endosperm grows larger and comes in 
contact with the entire inner surface of the nut. 

Oil in the mcat—The Joss in total weight of oil is fairly proportional 
to the Joss in tolal weight of meat, the percentage of oil in the meat 
remaining constant within the somewhat wide limits of individual varia- 


tained a height of 93 centimeters. A 


tion. However, during the early stages of germination there is apparent 
.& certain concentration of oil near the foot, with a corresponding loss 
in ihat portion of the meat farthest away. 

Water in the meat.—As is the case with all the other parts of the nut, 
the meat gradually loses waier by evaporation through the shell and 
sprout during the process of germination. 

Sugar in.the meat.—the percentage of sugar decreases from 1.1 per 
cent in-the unsprouted uut (number 1) to 1.2 per cent in number 8. 
The loss is probably due to the absorption of sugar by the foot, as in all 
eases there is considerably less sugar in that portion of the nut in direct 
coutaet with the endosperm than there is in the parts farthest away from 
it. 

Crude fiber in the meat.—No decided change in the proportion of this 
constituent can be observed. ТЕ is absorbed at practically the sume rate 
as the rest of the meat. 


FOOT. 


Total weight.—he total weight increases fróm 19 grams in number 1 
{о 228 grams in number 7. 

Sugar in the foot—There is apparently а loss in the percentage of 
sugar (altbough not in its total weighi) until the foot completely fills 
the nut, at which time there is a rapid gain. This phenomenon is 
probably due io the fact that the foot at first draws its sugar chiefly 
from the milk by which it is almost entirely surrounded. However, as 
it continues, to grow, it soon exhausts the sugar in the milk, and only 
when it has completely filled the nut and come into intimate contact 
with Ihe inner surface of (he meat has it an opportunity to continue the 
process of sugar absorption and also one of sugar creation, possibly from 


the oil, or possibly from oil and crude fiber. 
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in this constituent (from 


Crude fiber in the foot. —.\ slight ine 
1.1 per cent and 0.9 por cent in numbers Land 2, to 2 per cent and 1,8 
vely) will be noted. 
shis of the constituents, oil, sug 


per cent in numbers 7 and 8 т 

IE we consider the total y 
fiber, the following changes may be rear ked : 

Oi A decrease from 163 grams in number I to $8 grams in nunber 
8 js observed, or a total loss 
ифа. Гете appears to he a con 
agar during (ће intermediate period of 
again made up at the time the Foot fills 
angar takes place in the foot. Considering the first and last of ihe series, 
numbers 1 and 8, the following changes in sugar content have taken 


and 


of 85 grams. 
derable loss in total weight of 


ininalion, whieh is however 
in 


the entire nul. Саеге 


place: 


бай. | 


Grums. "Grams, 


| Portion of the nut | Low 
| 


Crude fiber — here is a slight loss in the total weight of über in 
foot and meat, which is more than made up by the increased weight of 
sprout and roots. 

Free fatty acids and oil from the meal-—From the beginning, the oil 
from the meat nearest (he foot is invariably vichest in fatiy acids, 
nee, yielding 0.92 per cent in that portion, while 
7 per cent. ‘This difference becomes more 
come 


namber 1, for in 
the balance contains but 0. 
marked as germination progresses; ib is only when the foot hi 
in complete contrael with all the ment that an increase in fatty acids 
ihroughoui the whole nut is observed, indicating that oil, to be in a 


condition for absorption, must he hydrolized. This hydrolysis may take 
place as the result of an enzyme im the foot, or be caused by one in the 
meat, which is dormant until rendered active by some product of 
meiabolism in the foot. However, as T have stated in the previous 
chapter, it was not possible to prove hy an incre 


se in free acid the 


presence of any fat splitting enzyme in the coconut. Such an enzyme 

‚ but under meh conditions that any large excess of free acid 

[be used up by the growing plant before the process can continue. 

A summary of the changes to be detected by chemical analy 
growing coconut is as follow ` 

Qil is lost by the meal; it is not taken up as such hy any other 

portion of the mul, but is either burned to furnish energy for the growing 


is of the 


хот 
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plant or is split up, being teansformed by progressive synthesis into sugar 
and finally to cellulose. 

Sugar is lost by meat and milk, but a corresponding quantity is 
gained by the foot, the total amount in the nut remaining approximately 
the same. 

А small amount of erude fiber is lost by the meat, but a much larger 
quantity is produced in the sprout and roots, А 


shown previously ® that moist сорга is readily attacked by 
anisms with consequent splitting up and destruciton of the 
oil and it has also been proved that the action af such organisms is most 
pronounced when the copra has a water content of from 10 to 15 per 
vent. With th 
nates over that of the bacteria. ^ When much more water is present, and 
the baeteria ax of the molds, destruction of fat is g 
diminished. These observations led Jogically to the belief that hydroh 
of oil in copra was due to the action of molds alone, although the data 
available at ihe time the previous work was done did noi exclude the 
possibility of symbiosis and interdependence jn this fat-splitting process 
between molds and bacteria. Dr. Edwards, of the Biological Laboratory 
п definitely 


content of moisiure Ihe mold growth largely predomi- 


in excess 


of this Burean, undertook further work to settle this qu 
and in pursuing it separated as many different о 
some fifteen in all, from several samples of moldy сорга and coconut 
meat, finally succeeding in isolating in pure cultures the majority of the 
growths present. As a culture medium he used sterilized coconut meat 
in most instances. The subsequent procedure was as follow: 


anisan possible, 


Ten-gram saniples of anhydrous copra were placed in luge test tubes stop- 
pered with cotton, and after ihe addition of 1.30 grams of water these were 
sterilized in am autoclave for halt an hour, It was found by experiment that 
about 0.10 gram of water was taken up by the copra during sterilization, so 
thal the samples thus prepared contained approximately 13.8 per cent of moisture, 
an amount which bad been found previously to 
aml bacteria. Tho tubes were inoculated after stevilization with pure cultures of 
the organisms previously isolated, and allowed to stand at laboratory temp 
ture (26° to 30°) for forty-one days, Cultures were then made from cael tube. 
AN tubes were dried to constant weight at 100° in order to determine the 
change in weight of the dry copra. The latter was next extracted with chloro- 
form to determine oil and finaly with hot water to take ont (he sugar, which 
inverted and determined with Fehliug's solution. The changes taking place. 
one days are shown in the following table. Only those tubes whieh 
а good growth in this time and were proved by cultures to contain 


avor the growth of both molds 


in forty: 
showed 
only one organ: 


m are noted. 


"This fouruaé (1906), 1, 12 
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Tanis U. The decomposition af epit Ing bacterin and nate 


Weight of dry 
copra— 


s - ! 
X 5 | i 
x Е | ! 
ШИ «а! ein 

Control of sterile сорги----| 10.00 | | и 


Racturium CES, fairly i | А 
good growth .| 10,00 | 10,05 |: 0.05 | 7. 10.19 
Baeteri CBI Loug 

good growth, 
somewhat darkened. 


эрги 


slight sour odor 1,00 
Bacterium У | 
gaod growth 3.00 


Bacterium У : | 
slight growth ----- ----- Н 10.00 | 10.03 | 10.08 4 6.91 jous | 0.20 | 

моја WS], white, mood | | | | i i 
growth, no ollor... -| 10.00 | 9.17 [oje em no | 

Mold W3, dark green, | | 

sario ms nur 

| 

1 

| 


good growth .. -| 19.00 n 
Mold А1311, good growth | 
in с апух, ethereal odor, 
9 days 30.00] NSi.- 1.16, 6,08 E х тосоо 


Mold dspesgittus eaten- 
atas, rapid, — heavy 
growth niter 15 days - 

Mold Aspergillus farus, 
good growth in ? d 
ethereal odor after 


days, oos вл: ам 
Mold W3, 4, 5, good growth fel i | 

in b days, slight ethereal | | 

odor niter 15 da; LE vn 


It was at first intended to identify each organism which was used 
experimentally, but this was found to be impracticable in (his country 
where ali literature is uot available, except in the case of two molds 
Aspergillus culenatus and Aspergillus flavus, lt also seems p able 
tbat the majority of the other organism found in moldy сорга in the 
Philippines are new and not yet des А 


ibed; аш our mycological work is 
not yet far enough advanced to render descriptions of them possible. 
However, the main object of the experimentis, namely ihe differentiation 
between mold and bacterial action on copra, has been accourplished. № 
is evident that jn every tube containing an active mold culture, a decided 
loss in total weight (dey), ranging from 5 to 11 per cent of the or 
lered. 


ginal 


weight, oceurs if the gam or Joss in dry сорга is first cons 


| 
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Only one bacterium, CDI, causes any appreciable Joss ju tolal weight. 
The molds destroy a certain percentage of the oil, and the grenier propor- 
tion of the diminution in weight is due to ihis cause, ‘These losses vary 
from 0.62 to 1.38 gram, which figures represent 8.9 to 19.9 per cent of 
the original weight of oil aud they are in each case accompanied by 
hydrolysis of the oil to form fatty acids and glycerine, the final percentage 
of free acid varying from 2 in the case of “W51,” to 24.7 per cent with 
«үз j 

There seems to be no relation between the percentage of frec acid 
present and the tolal oil destroyed at the same time, the tubes containing 
ihe highest and the lowest percentage of free acid showing pra 
the same loss of oil. On the one hand, only one bacterium, 
caused diminution of oil und this only to the extent of 0.3 gram, which 
is less than that brought about by the mold with the weakest action. 
Loss in oil is not aceompanied by hydrolysis in this case, On the other 
hand, one bacterium, “CB2,” appears even {о have caused a slight gain 
in total oil. "Phe sugar is ahnost completely destroyed by all molds and 
by bacterium “CBI.” The undetermined matter shows a decided gain 
wherever mold action has taken place, this vesult being undoubtedly due 
to the weight of the mold itself. 

Bacteria in all cases but one have produced no change in this con- 
situent, “СВТ” has caused a loss of 0.26 gram. 

The results given above, when applied to the question of the diminn- 
tion in value of commercial copra would render it certain that such сорга, 
if moldy, has suffered a loss in total oil, of course not in all probability 
as great as I noliced in some cases (19.9 per cenl), for my copras were 
placed under ihe most favorable conditions for the maximum of mold 
action, but nevertheless this change must amount to a sufficient quanlity 
to be considered jn the purchase of copra which has suffered from the 
action of molds, 

Such materials undoubtedly ean not give as good a yield of oil as 
others which have been carefully dried and preserved. However, another 
factor must also be considered. Poorly dried and preserved copras, if 
a sufficient quantity of water (above 15 per cent) is present, suffer from 
bacterial and not from mold action; in which event no diminution of 
oil would be observed, but nevertheless bacteria so disintegrate and change 
the copra that a slimy, soft n difficult to work so as to procure pure 
oil reasonably free from acid, resulis. A bad odor also frequently ac- 
companies such copras. In Ию Philippines a large amount of copra is 
died by means of open fires in pits, the coconut meat is placed in 
bamboo gratings above, the fuel being the husks of the nuts. ‘These 


* This is clearly set forth in my paper on this subject in Ais Journal (1908), 
1, 58. 
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on of smoke, and 


conditions subject the materials more or less to Ihe a 
it is not impossible that this procedure brings with it a slig 
action whieh would tend to diminish the subsequent growth of organisms 
and work in favor of the final percentage of oil to he obtained in extrac 
tion. Nevertheless, the arguments are all in favor of preparing a clean, 
white, perfectly dried copra, which will not afford a medium for the 
growth of organisms unless the conditions of shipping which surround 
to allow of sufficient absorption of waier after drying to 


t antiseptic 


uch a 


Tt ar 
ilitate mold growth 


SUMMARY. 


Six different molds, any one of which is capable of hydrolyzing and 


ms found 


destroying Tat, have been isolated from among the many organ 
growing on rancid copra and coconut meat. 

a= his fat destruction is part of the life process of the mold, and is 
independent of bacterial action, since it proceeds equally well in pure 
Т cultures, Е 
wlüch had been acied on by molds was found to have suffered 


and inim 
. Copra 
an ahnost total loss of sugar. 

The’ bacteria found on copra have very little effect on the quality or 
quantity of oil produced trom it. A slight diminution in total weight 
ol oi] was found in only one case to be due to bacterial action. Practic- 
ally their only effeet is the production of a more or less disagreable “sour? 
odor and the disintegration of the meat. 

It is good commercial practice to prepare only the best, white, perfectly 


dried сорга. 


ACID IN COMMER OTL ON LONG 


SPAN DIN 


IV. TH E PRODUCTION OF УП: 


‚ freshly made from a rather poor 
quality of сорга, was taken directly (rom a coconut-oil factory and allowed 
to stand in a Та wide-mouthed bottle for twenty-three days, until most 
of the turbid matter bad settled ont. During this time ihe free fatiy 
acids had increased in percentage from 6.9 to T5? or at ihe rate of 
about 8 per cent total increase per year, ‘This rate of inerease was fully 
double that which might be expected from a commercial oil of an initial 
acidity of 6.9 per cent, and it was thought possible that some abnormal 
influences were at work on this freshly prepared oil, which might or might 
not continue their effect on long standing; the logical idea being that. the 
comparatively rapid splitting up of fat in copra by the action of molds 


About 1 liter of crude coconut oi 


я: 


= This tigure represents the clear portion of the oi 
to obtain a representative sample together with sediment, ete, a би 
per cent was obtained. : 


king ihe bottle 
v of 7.6 
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was being continued in the oil, either by portions of the mold carried 
over through the factory fillers, or by enzymes which were expr 
which would find their way into the final product. 

In order to determine if this supposition were correct, а number of 
50-gram samples of the oil were subjected to different treatments, such 
as filtration {о remove sediment and most of the water, the addition of 
antiseptic ization by heat or by a combination of all three of Ihe 
above processes, The oils were heated at a temperature of 100° in a 
water oven for two hours; ordinary quantitative filler paper was used 
for filtration. Two samples (rom each treatment were prepared, опе 
being kept in a 100 cubic centimeter bottle half full, the other in a 50 
cubie eevtimeter bottle Med to the neck. Unless otherwise stated, 
samples were sealed with paraffin and kept in the light. One sample, 
in the case of numbers 7 and $, was kept ia the light in 100 сшде centi- 
meter Erlenmeyer with sterilized cotion plugs, where air and light 
might be expected to play Ше leading part in any change produced; the 
other sample was kept in a wooden box eovored with black paper. 

The following table shows the change in acidily during а period of 
{wo years: 


sed and 


Тм ИТ. Change in acidity of coconut oil standing under different conditions for 
tiro yenes. 


1 | From oriiunt bottle плеса. 


36) 1.0, 04 
unfltered, no antiseptic. 


84i 13.4 2.4 
aa! ат! 


Truhented, sitered, no antiseptic 


К na’ ate! 
138. heated, unfiltered, +0,03 per zo] ms 

{cent chlorat, Lange bottle. Ley ne 
i 4! Cnheated, filtered, 10,03 per erat | 1.8 


a. Stall уо. 
СА EN Large bottle. 
| Ласа, unültered, 1.0.03 per Ya, Small bote. 
ernt chloral. |. Large bottle 
6: Heated. йсй, 1005 per cent pal] bett 
| емони. ib. Large bottle. 
Fi Heated, unfiltered, 2005 prr 
[ сон chteral, kept in Ehrlen- hs In light - 
| | merer task with entron stop U Tu dark -~ 
ver. 
| в кана, диск, 20.09 prr cent | n. On Tight. 
chloral, kept same us number. |" їп dark 


13: 10.2 
L3! i 


s Since no increase in acidity due to the action of light could be observed after one 
year, the samples previously kept in the dark were taken ont and placed alongside the 
others serving simply as а check on the determinations, 
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Tt is necessary for the interpretation of these resulis to consider the 
treshly pre- 


many factors which may enter into the decomposition of 
pared, commercial coconut oil. 

First, we may have present fal-splitting molds, albuminoids, sugar and 
water, which сливе the turbid appearance of commercial oils. It has 
been shown in a previous paper? that mold action on copra is the 
principal factor in delermining the initial acidity of an oil, and that 
these ваше molds in (he presence of sufficient nutritive matter may effect 
{he rapid decomposition of even a pure oil. Second, soluble or insoluble 
mes produced by these molds may be the cause of ihe rise in Tree 
acid, РА, surface oxidation hy the air, possibly a od by light, 
Тасе oxidation is alway 


en 
fatty 
may take part in the decomposition This 
accompanied by a pungent, disagreeable odor, 
aldehydes and peroxides. Fourth, simple hydrol; 
may be a factor. 

Considering first sample number 1 of this series, it is evident that 1-b, 
ihe sample in the large bottle, may be subject to any one or all of the 
foregoing factors causing increase of acidity, while 1-a, being in a prac- 
tically full bottle, may be affected by any iniluence except that ol oxida- 
tion by the air. Any marked increase in acidity, then, of 1-b over 1-а 
urface oxidation, By reference to the table we find 
car Шеге has been practically no difference in the 
rate of increase of acidity between 1-a and 1-0, which show respectively 
a gain of 3.6 and 3.4 per cent, The second year, however, indicates a 
decidedly different condition, While t-a has only gained 0.1 per cent 
free acid, 1-b has increased 2.1 per cent, leaving a difference of 2 per cent 
which can only be Aue, aside from experimental error and an individual 
variation in the samples, that should at most amount to по more iban 
a few tenths of a per cent, lo surface oxidation by the ай. ‘The question 
naturally arises, why should a period of two years be required for this 
difference to show itself? This can be accounted for by two theori 
First, the presence of molds and of nutvitive bodies such as sugar and 
albumen, which would be in the oil in larger quantity in the first yi 


and the formation of 
is by heat and moisture 


would be due to 
that during the first 


al 
than in the second, is nol favorable to the formation of peroxides of 
the fatiy acids, a fact I have previously noted in testing pure and com- 
al oils for peroxides and aldehydes; * second, it is possible that this 
inhibiting elfect may be mutual, so that oxidation once started would feud 
io kill off or check mold or enzyme activity in 1-b sooner than this 
activity would naturally cease through lack of nutriment in 1-a. In 
either case, the result would be the same and the combined effect of the 


me 
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iwo processes, cach ending ultimately in (he production of free ‘acid, 
might be less than either of them working singly. Tho 
that oxidation does not set in until most of the nutritive substances 
present in the gil are used up, thus it would be natural to expect that 
for a certain period of time no difference in the rate of acidification of an 
oil, due to the size of the container, would be observed. 


probabilities are 


Sample munber 3 was filtered, removing molds, albuminous matter 
and any enzymes insoluble in oil, together with most of the water, Dur- 
ing the first year an increase in acidity of 1.4 per cent was noted. ‘The 
difference between this figure and 3.6 per cont, the increase of 1-a for 
a corresponding time, gives 2.2 per cent which may be attributed to 
mes, Practically no difference, due to size of 
bottle, is observed in number 2 as well as in nearly atl the other samples, 
during the first ye rked at the end of the 
second у Number 3 differs from number 1 only in containing a 
small amount of antiseptic. It shows 1.6 per cent less increase during 
the firs than number 1. This can be due only to inhibition of 
molds. Daring the second year З-а bas increased 0.9 per cent more 
than 1-а, a fact for which Г can find no explanation, except that during 
the second year some surface oxidation may have taken place, even in the 
small bottles. Five cubic centimeters of oil had been removed for 
titration al the end of the first year, thus leaving a small air space. This 
being the case, somewhat wider variation in acidity might be expected. 
The figure of 0.4 increase for the second y 


molds and insoluble en 


although it is quite ma 


in the case of number 1-a 
ems exceptionally low, compared with the other samples during this 
period. 3-a has increased only a trifle more in acidity as compared with 
2-a, thus proving that the addition of antiseptic has about ihe same effect 


as filtration and that most of the difference in behavior of a filtered and 
an unfiltered oil is due to the removal of molds and insoluble enzyme 
Number 4 was filtered and treated with antiseptic with resnlis which 
practically correspond with those of 2 and 3. Filtration appears to be 
slightly 
chloral in ihe strength used does not have au immediately fatal effect 


more efficient than adding antiseptic. Tt is quile possible that 


on fat splitting molds, although il cerlainly inhibits their action to a 
Y d extent. 

umbers 5 and 6 have both been heated at 100° and treated with 
antiseptic, thus eliminating mold and enzyme action, and in the ease of 
full hotiles leaving only the factor of hydrolysis to be considered. Аз 
would naturally be expected, the filtered 
total acidity considerably less than б-а, from which the water was not 
removed. Only number 6 of the whole series shows practically ihe каше 
differenee at the end of each year between the full and the half full 


ma 


mpe, б-а, has increased in 


130 WALKER. 


bottles. The slight, bat regular, inerease In. avidity ol б-а is probably 
due to ihe hydrolytic aciion of a trace of water not removed by fill 
tion, combined with the Free fatty acids already present. Some slight 


tion also may have taken place, as the bottle was not absolutely fre 


oxi 
from air. 

and 8, sterilized and kept under antiseptic conditions in 
ks, with a large oil surface exposed and [ree access of 


Numbers 7 


Erlenmeyer fla 
y throngh the cotton plugs, practically doubled their percentage ol [ree 
acid in two ye Phe fillered samples of number 8 show considerably 
more increase than the unfiltered oils numbered 7, a fact which tends to 
from moisture 


confirm my belief that as a general rule the freer an oil i 
anıl impurities the more quickly is it subject 10 oxidation when exposed 
to the air, Ihe samples kept in the Hght have not increased in : дану 
any more than those kept in the dark, in fact, 8-b at the end of one 
year contains 0.6 per cent more free acid than $ 

In view of this latter work, indicating the сот siderable variation in 
acid content of the ваше oil which may be brought about by different sized 
containers with consequently varying amounts of oil exposed to the air, 
it was decided to bring lo a close the series of oils described in a previous 
paper® and which were sel aside iò determine the amount of free acid 
which might be produced on standing, since after ihe first year, most of 
the further increase in acidity would be dependent to a very la 
upon the amonnt of ой surface exposed do air in the bottles. No 
attempt was made ai the ime when these samples were prepar «4 to 
idation by keeping them in filled bottles, and with few ex- 


exclude ox 
ceptions no record was kept of the quantily of oil in a bottle, кө that 
sto be expected, For 
made ds reprinted here; 
iid from the 


wide variations jn acidity after the first yi 
ription of the орх as fir 


convenieuee, a des 
together with a table giving their inerease in free fatty 


time of their preparation up to the present date, 
DESCRIPTION OF OILS USED AND DESCRIBED EN TABLE IV, 


(A) Expressed oil from vaeuum-dried copra. Маз been heated for two hours 
at 100° and filtered twice through paper. A light-colored, clear oil with the 
aracteristie coconut taste and odor. 

(Л) An oil similar jn every respect to ©. 
copra dried at 80° fo 90°, without 

(1) Presh coconnt grated and d 
was allowed do stand in a covered speeime 
time it was still of a ple: 
pod as when the specimen was freshly prepa 


exeept that it was prepared. from 


uum. 

lat 80? to 90° on Augnst 16, 1904 ; 
jay until Mareh 11, 1905. At Uhat 
te. althongh both odor and taste 
ol. No mold 


ut odor and 


were nol quite as 
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growth was pres А sample of oil was expressed from a portion of this copra 
by using a hydr: press with a final pressure of 450 kilograms por square 
cent This oil, after ftliration, was of a light yellow color and it was of 
а pleasant, although slightly burnt, odor amd taste. 

(2) Oil number 12 was heated at 100° for three hours, while at the хате 
time a enrvent of air in a partial vacuum was passed through it. ‘This process 
leaves the color and free acid unchanged, but removes almost all of the burnt 
odor, leaving a bland, almost tasteless, oil, 

13) An ой from the same copra as numbers 1 and 2, but prepared by 
extraction with petroleum ether. Afterwards it was treated in the same manner 
as number 2. 1t differs from numbers I and 2 in being practically colorless. 

(4) Commercial coeonnt, oil tented with alcohol and animal charcoal amd 
then filtered; the alcohol was afterwards distilled amd recovered, ‘This oil was 
rather unpleasant to (he ta but it had me odor. 

(3) Commereial coconut oi] treated with live sten 
but the unpleasant te remains. 

(8) Fresh meat, ground and dried in vaeuum at 70° to 80°. The oil was 
expressed and once filtered; it possessed a very pleasant, coconnt- 
taste. H still contained a considerable amonnt of sediment, 

(7) Coconuts cut in halves and dr in vacuum at 75° to 85°. The oil 
expressed and filtered twice, 16 had a very pleasant odor and taste. 

(8) The sume oil as number heated at 100? for oue and one-half hours 
and filtered hot, 

(9) The sumo as mmber 7, heated at 100° jor one and one-half hour: 
at the same time n current of air was passed through (be oil under 
vacuum. Filtered hot and boitled, 
(10) Fresh coconut meat, ground and pressed in a hand press to remove 
st of the milk. Afterwards this meat was dried completely by spreading it 
in the sun for about буе hours. The oil expressed from (his сорга was almost 
water while and without taste and odor. 

(11) Coconuts split in halves and dried in Ше sun for five day 
and expressed. Yielded и cloudy. slight colored o 
a peculiar, bat not unpleasant, taste and odor. ‘This sample 
cloth but not filtered. 

(12) Sune as No. 11, strained and filtered slowly батоны paper. 

(13) Same as number 11, heated at 100? for two hours and filte 
paper. 

14) Fresh nuts, split in halves and allowed to stand during one week iu 
dhe air at room temperature (aboul 30?). A vigorous mold growth aud an 
unpleasant oder «developed. This moldy meat was dried in а vacnum and the 
This highly colored and was rather unpleasant to taste 


this removes the eor, 


ike odor and 


while 
artial 


Ground 
very lard do filler, with 
strained through 


1 through 


oil was express 


and smell. 

(05) Conmerei 
(burned Hime), В 
charceal and again filtered; (bere resulted. а colorless oil which was ver; 


al сасониё oil shaken with 2 per cent of solid caleium oxide 
ed to 100° aud filtered. The filtrate was treated with animal 
free 


from an unpletsant odor or taste. 
(16) "The same сорга as that u 
month longer in ан open jar. then expressed. 
(17) Oil expressed from vaeuimdried. copra whieh had stood for one month 
exposed to the air; the oil wax heated to 100° and filtered. 


« for number 1; was allowed to stand onc 


1: 
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| the same manner as 
te as oils from fresh 


d from sundried сорга and ir чей 


(38) Expr 
samples were of as pleasant a 


number 17, Boil of th 


сорга. 
(19) Vacumadried copra W 
for one month, and which had 
was dried for one hour awl expressed. The oil had а consid 
slightly unpleasant as to taste amd odor. Teale to 100° and filiered. 
(20) Sun-dried copra treated in the same way as number 19. Yielded а 
somewhat darker in color but otherwixé much the sune as number 19. 


utor over water 


jeh Lad stood in a closed desi 
aunnlated ic very decided growth of mold. Ii 
able color and was 


without heat. 

(31) Sue as mimber 20, heated to 100? before filteri n 
t used for samples 1 and 1G was allowed to stand 
and (hen dried and presse: 


(22) The same copra ах thy 
for Ihrer weeks over water and for one week in айг, 
А vigorous mold zrowih appeared in the copra and a peculiar eth 
apparent. The oil itsel s of а light-yellow color, with a pungent, rather 
unpleasant, odor and an extremely di 

(23) Expressed from commercial copr 
te. Che unfiltered oil is colored and cloudy, depos 
) Same as number 23, filtered. Almost colorless. 

(25) Expressed from commercial copra, grill dried, Laguna (second qua 

Not filtered, 
j) Same as number 
ssel from co 
second quality). "Phe fille 
$) Expressed from conmereial сорга, 
ed oil is light yellow in color. 

(29) “Langis” coconut oil, prepared by the customary native process of 
grating the fresh meat, exhausting it repeatedly with water, and boiling down 
the emulsion thus obtained until it is nearly dry, ‘fhe oil is then poured off 
from the brown coagulum whi nks to the bottom of the vessel. A. freshly 
prepared oil, isolated in this m i ight in eolor and ро 
а decidedly pleasant coconut oder а Before filtration it is more or los 
id, owing to the presence of a small amount of water and of albuminoids. 


al odor м 


w 


veonbte taste, 
a. first quality. sun dried, 
ting à bla 


Tacloban, 
sediment. 


y). 


filtered. Light yellow jm color. 
1 copra, grill dried, Romblon (considered 


yellow color. 
rst quality, sun dried, Пойо. ‘The 


(30) as number 29, filtered, ‘Lhe oil is water white. 
(31) Be from fresh meat. It 
is Hi з suspended 


malter, 
(32) Commercial coconut oil, probably made from сорга. Very clear buts 

highly colored. 

3) Commercii 


1 coconut oil, Manila. Probably made from fresh meat. № 
contained considerable suspended mailer and water. 
(34) Commercial coconut oil, Cebu. А highly colored 
siderable sediment in Ше bottom of ihe bottic. 
(35) Commercial coconut ой, Tayabas. А highly colored rancid oil made 
from copra, Ш is only n few months old. 


rancid” oil. Con- 
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TABLE ЧУ. 


Pereentage free fatty acil. бих oleie). 


i 
і 

No. ausw! Тө Four | sis | one тс 

ESUUE months, ments. monilis.” yoar.a j year. į 


om 5. 


i 
|o nwi і 
i 


BI nu wi Qo ах 


1, deo da] | 
2 1.2 1.5 li 
3! лр 16] = 
Tg 1 53 

' 5 BA y 

i 6 | 0.14 016. 0191 ом 

| тож ол! omj б 

i 8 0б: OH Om, owi 

ом: 09: вх, ош 


0.16 | 
[Sr 
0.10 | 
0.09 
87! 


The greater part o£ the titrations at this period were made by Mr. № A. Salinger of this Bureau 
who kindly continued the series during my absence (roni the Япгени, 

"his ой was kept in а large bottle, A sample int п staal bottle showed an acidity of only 0.09 a 
us time. 

Large battle, 

занал bottle. 


The most apparent fach which is noted on examining these tables 
the proportionately large increase in free acid alter the first year. 

In some samples this change is so great and so unexpected as to 
$ glance inexplicable, but in such cases T have nearly always 


appear at fir 
T1915— 


1: 
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heen able to detect some abnormality in the conditions under which the 
sample had been kept. For instance. numbers 1 and 2, samples of 
identically the same oil, the only difference between which lay in the 
fact that number 2 bad been treated for гес hours with a current of dry 
eit, increased in free acid in practically the same ratio 
v number 1 contains only 


air lo deodoriz 
during the first six months; at the end of a у 
nt more acid than number 2, but after three years shows 9.1 per 
mining the bottles in 


1 perc 


cont as against 3.2 per cent in number 2. On e 
which these samples were kept 1 noticed that number 1, of which a 
considerable quantity had been prepared at the start, was still in the 
original 250 cubic centimeter bottle in which И had first been placed. 
About halt of this oil had afterwards been taken ont for the preparation 
of number 2, and filled into a 100 eubie centimeter bottle. This dit- 
iben, with a corresponding different surface 
of Free acid 


ference iu the size of bottle: 
exposed to oxidation, must account for the 5.7 per cent ox 
2 


of mimber 1 over number 


A still more striking example of the influence or surface oxidation is 
ample В. This was an exceptionally pure oil, sterile and 
m impurities hy repeated filtration, One por- 


uffovded by s 
[reed as far ag possible Г 
tion of about 25 cubic centimeters was ivansferred to a small bottle nearly; 
hut not quite. filled, shortly after preparation, while in the original 500 
enhie centimeter hoitle there remained at the end of three years about 
20 сше centimeters of oil. ‘The Jatier sample has iner 
while ihe former, from which air was nearly 


$ per cent in three y 
completely excluded has gained only 0.31 per cent free acid in the same 
time. Sample number 5, a commercial oil which d 5 per 
nt тео acid to 28.2 per cent, had originally been treated with live 
steam to remove Их unpleasant odor, and decanted into a bottle without 
filtering out all the water of condensation. from the steam. When the 
remained between 5 and 10 cubic centi- 


aged from 5 


t 


final Giration was made ther 
meters of oil, together with considerable water, so that hydrolysis by 
water undoubtedly bad nmeh to do with the large inount of free acid 
developed. 

JC will be noted that oxidation once started proceeds more rapidly in 


oil already having a large free acid. content than it does in those com- 
paralively low in acidity (compare numbers 6 {0 13 and 17 to 21 with 
the commercial oils from number on). Exceptions to this rule are, 
above stated, due to abnormal conditions of storage. 

The behavior of these oils during Use period prior lo the appear 
of oxidation 1 


nuce 


as been discussed in a previous paper and по new data have 
been brought oul by Jonger storage which do not tend to confirm the 
conclusions drawn at that time. 
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CONCLUSIONS, 


tal coconut ой ix 
he 


The deterioration of a fre: 
produced by at least three entirely independent. proc 
divided into (wo distinct periods of time, 

The first, (rap 1 splitting up of the fat, beginning immediate 
юц from copra and continuing for several months up to a yer , 

ioned hy molds ` 


ars 


hly prepared. commi 


ss and m 


express 


or more according to the nuirive malter present, is oc 
which are either pressed out with the oil together with sullicient su 
aud albaminoids for (heir growth, or. in the case of hot pressed oils 
enter the freshly prepared oil from tlie ай. This action conlinues as 
long as sufficieut nutritive material for mold growth remains in the oil. 
It may be completely checked by filtration, preferable alte heating to 


100° C. more thoroughly to coagulgte albuminoids and io destroy any 
enzymes already secreted liy the molds. 

Toward the end of this first period, oxidation by the air sets in and 
may continue indefinitely. ‘The rale of this process depends upon the 
amount of surface exposed to the air, compared with the total volume 
‚and may in extreme cases cause an exceedingly rapid deterioration. 
y prevented by storing the oil iu completely filled recep- 
tacles, jinpervious to air. 

Along with the.two above-mentioned proe a slight hydrolysis 
due lo heat, moisture and free acids already present is constantly taking 
place. Jt may be reduced considerably by fil on, which removes most 
of the water, together with the organic impuriti 

There is reason to believe that some hydrolysi 
enzymes produced by the molds, as unheated oils which have been filtered 
and rendered antiseptic Increase in acidity somewhat more rapidly than 
do heated ones under the same conditions. Tfowever, this distinction is 


оѓо 


It may Бе eut; 


is brought about hy 


| year. 


not so apparent alter the firs 


Light has apparently no effect on the oxidation by of coconut, oil. 


PORTLAND CEMENT TESTING. 


By W. ©. Ценилхе and Ll. А. SALING 
(From the Chemical Laboratory, Burcan of 


cience, Manila, P. I.) 


INTRODUCTION. 


sion of modern cement specifications 
and we have endeavored io point ont many reasons wl do not 
exclude the personal error that is experienced by all testers working under 
them. Simple methods and precautions necessary to reduce this varia- 
tion have been suggested. Throughout the discussion, the effects of the 
requirements of cement specifications, the difference possible in manipula- 
tion and the consequent variations in the results obtained have been il- 
lustraicd. Certain powerful climatic influences that tropical conditions 
may exert upon cement are also discussed, and the last chapter suggests , 
the characteristics which a cement should have to give the greatest 
efficiency under tropical influences. 


This paper is devoted lo a dise 


SPEOUFTCA TIONS. 


The “valie of standard specifications to the engineer, the consumer, 
and the country at large is as great as their value fo the manufacturer, 

standard specification, provided it is both equitable and safe, eheapens 
ihe product, insures quicker deliveries and acts as a powerful regulator 
to the industries affected. “ * * The danger of а fixed standard of 
any kind lies in its becoming unprogressive and following behind the 
demands of the time.” 

The last sentence should be especially emphasized. АН oflicial cement 
testing in the Philippines at present is done under the United States 
my Engincer Specifications of 1902. No change has been made in 
fications in the last six years despite the great amount of work 
which has been done upon the physical and chemical properties of 
Portland cement in recent times, and, in the light of experience, it has 
heen found that these specifications could certainly be improved. "This 
unprogressive tendency is, perhaps, due to the inertia inherent in all 
committee work, Each individual member has fixed ideas on certain 
questions, or on the results of certain personal experiences. As one writer 


1 Editorial: Hag. News (1904), 51, 812. (Italies snpplied.) 
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s of our 


puis it: “We are all disposed to argue somewhat on the 
prejudices or to refule others because of the prejudices which we : 
with them, * * * ‘Therefore it is difleult for us to arrive at conclu- 
sions purely by the light of reason, and io deal with every syllogism 
[rom its premises lo its conclusions,” 

However, the American Society of Civil Engine and the American 
ely for Testing Materials are constantly working io improve their 
cement specifications and these specifications will soon be adopted Dy 
the Government of the Philippine Islands for all civil and munici] al 
work, "Ther have aecomplished much towards establishing a more prac 
tical, impartial and comprehensive system of testing. Yet “notwith 
standing that so much has been done ‘towards unification of methods, it 
may never be possible to determine accurately the value of one cement 
as compared with another tested in a different laboratory 
since the report of the committee was made has shown ihal the difficulties 
in the way of uniformity in such tes re much greater then w 
imagined. The variation in the results of tensile strength between the 
work of different experienced ope х working by the same method and 
upon the same material are frequently very large and often make all the 
difference between rejected and accepted cement. Differences in tensile 
strength with neat cement of 40 to 60 per cent are not uncommon, while 
nd mortar the: v ure much greater 

At present all standard specifications leave much to be desired. А 
Government committee appointed to investigate the quality of a certain 
brand of cement, after much consultation with engineers, chemists, 
contractors and manufucturers, introduced its final report with these 


коса 


© 


for 


remarks: 


“There are no stam 


ations which are regarded as absolutely. corr 
imations and must be interpreted in accordance with the 
‚ and with due regard to the purpose for whieh the cement 


wil be 
UYbere js no pi ab difference heiwoen the qualities and properties of a 
nd of an accepted coment in the inmediate vi ty of the Tin 


seb by 


ys that the engineer may be in much doubt as fo whether to 
reject or accept a cement, 


“ft must be recon 
yesult 
work and te prov 


1, how. ations are not for 


st limit whieh 


that coment speci average 
the 14 п he allowed in the 
le for lack of uniformity in testing as well as in real quality, 


atended to cove 


= Sabin, Loui 


Carlton: Cement and Concrete. New York (1905), 20, 
alding, Frederick C.: Uydraulie Cement. New York (1904), 115. 

* Final report of cement om committer appointed by Ks 
Order No. 60, 1907,—The Gover ment of the Philippine Islam 
‘aylor and Thompson: Conerete, Plain and Weinforeed. New York (1907) 


cutive 
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Such a conclusion may be saiis 


тогу in the engineer, but shonld the 
tests be close to the margin specified for acceptance, the selling. agent 
is sure to protest and order a retest of the material. Ме шау allow the 


inal tester lo retest the cement, or he may send the samples to one 
of the many сопи al laboratories whose reputation for high results in 
cement testing well established. ‘The reiexting may produce satisfac- 
ther ease owing lo the weakness of all coment specifica- 
tions. “It is not to be inferred however that the highest resulta are neces- 
sarily the outcome of (he greatest skill, As a rule the most expert 
and reliable operators get only moderate strength For the best material.” * 

Such a condition of cement testing is very deplorable. Unless 
fications guarantee an aceuvacy within 10 per cent, the greatest effic 
of a cement laboratory is also lost, as the mere mechanical routine te: 


йогу results in 


of various brands of cement should be the least important pari of i 
work and satisfactorily to accomp 


ish the more important object, namely 
a systematic study of the peculiar effects of «майе conditions upon 
item, a variation factor of not more than 10 per cent i: ential. 

Sabin slates that “the chief object of testing cement is to arrange the 
rit. Cement is at present used 


various products in their tme order ol шо 

3 у and it is only in exceptional cases that poor quality 
of material may be detected in the completed structure, This is suf- 
ficient reason why so few failures can be found in cement work whieh 
be atiribuied to the poor quality ef the cement. But in the more 
being used, it 


г crude wa 


ina vi 


m 
economical manner in which the materi 
is absolutel; ntial to know what its future behavior will bi 

We believe that the inefficioncy of all American specifientious li 
in the fact that they do uot outline sufficiently in detail the minor con- 
siderations and operations, and that to these minor details, owing to the 
peculiar and sensitive character of cement, is readily attributed a 
possible variation in the results of testing of 30 to 40 per cent. There 
are certain qualities in cement manipulation thai cam not be controlled, 
`, shape and intermingling of erystals, nonhomogencous 
ion of the water upon the hardening 
ign is 


even now 


such as the siz 
voids in sand briquettes, unequal aci 
of briquettes, etc, but we believe that by far the greater varia 
caused by the different manner in which different laboratories interpret 
ihe minor details of manipulation and treatment; and we also believe 
that if specifications were more explicit in this respect ir would be sale 
io predict that different. Jaborafories would agree within 10 per cent. 
This assumption is supported by the well-known fact that the system of 
the individual laboratory usually produces fairly uniform results, but 
ories which d only in those 
ons, often shows the mos 


a comparison between different Таро 
details not. explicitly treated in the рее) белі 


ie Cement. New York (1904), 160. 


"Spalding. Frederick C.: Lyd 
(1905), 82. 


4 Conerete, New 


* Сетете а 
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To he more explicit, we will give, for example, 


pecificalions Jor 1902: 


startling inconsistencies. 
the folowing tests made under the 


rmy 


we were ordered Lo test according te 


‘Two operators of considerable exper : 
ions a shipment of 1,000 barrels of coment under dispute, Fifty 
d the 
eompanying diagrams numbers 1 and 2 and 


these spee 
. eneh representing one barrel, were taken at random, tested, 


sunples 
figures tabulated as showir hy the 
be 1. 


by 


Tanim 1Showing the vuriations from the mean of 200 breaks of each of the 
four sets of briquettes made by the testers. 


! Mortar, 1 to 5 (200 
euch) 


"ester, 


i 
ота a Shey 
| s у Y amo 


p 


Ditiezence. 
Per cout ~ 


Inereuse [rom 7 to 28 


Голая 
Ver cent 


e Incrense desired by specifications: 20 por cent 
"Inerease desired by specifications; 57 per cent. 


The fineness through 100-mesh sieve) v l from 2 10 97. 
"Phe specifie gravity dried at 110° in all eases, was below 3.08 and ranged from 
3.02 to 3.07. 


Space will not permit of discussion. in deiail of the methods used hy 
each tester, ехсер to say thal А used ihe automatic tamper deseribed 
below and applied the blows differently than did B, who used the ordinary 
tamper; A’s briqneties were placed in а wet closet, B used the damp 
cloth; A's briquettes were also always under water, kept running for a 
few hours each day; D siphoned the water from the pans and then 
refilled them, thus exposing the briqnettes to aiv for about 10 minutes 
each time. All fhese differences were in accordance with specifications, 
as the minor details of testing were indefinite enough (o allow them. 

One ope: vesulis on an average than 
B, but B did not show the gain in strength between the 7 and 28 d 
fests that the cement was capable ol. Evidently, Bs 
mally high 7-day tests, and therefore 28-day breal se. 
Tlowever, notwithstanding these difference a the variation between ihe 
samples themselves is also clearly evident, $ 


эг, A, always obiained low 


ay 
fem gave abnor- 
showed little iucreas 


400 


зоо’ 


TIME IN MINUTES 
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The diagram calls aitention to the lack of uniformity in the results 
attained in each sample, The differen 
only between the two testers 
those in the it 


in the tensile strength ave not 
о brought out by the same individual: 
гелге of strength with age, the failure on the part of one 
Tester to obtain good breaks in many instances, and the great variation in 
the time of setting, are all apparent; yet both operators worked carefully 
and in strict accordanee with the United Siales Army specili 
The committee in charge, after thoroughly investi 
the iwo operators, reported as follows: 


tions. 
ling the methods of 


“Lhe methods followed by cach cement tester differ slightly in certain details, 
but the differences are not regarded by the committee as important or as in 
violation of the purport of the speci 
laboratory are regarded as Гай, equi 
and user.” * 


tions; and the resulls obtained in cach 
able and onable to hoth manufacturer 


Even eareful inspection of these charts would probably convince almost* 
> that the tests, as they stand, are practically useless; that one of 
testers, or even both, were inefficient; or that the cement itself 
However, as will be shown, the whole 
incousistency was dne to a enuse the elimination of which the gpecifica- 
tions do nol even mention. lt appears that the work of Ше testers for 
lime of setting, 28-day neat and sand strength, and specific gravity 
determinations, was accurate and true to the quality of the cement at 
the time it was tested. The cause of the great variability so evident in 
diagrams numbers 1 and 2, was due to the fact that each tester worked 
the cement after it had undergone various degrees of exposure to aération, 
and that the influence of this factor produced very ma 
ihe quality of the cement. 


of a most peculiar qualit: 


ced changes in 


THE F СТВ OP АЁ 


TION, 


Most of the cement specifications now in use devole considerable space 
to the manner in which the samples should be taken, but they all neglect 
io slate how these samples shall be stored and preserved nutil tested, Аз 
a result, they may he sent to the laboratory in wooden or paper bo: 
paper от cloth bags, tin cans, galvanized-ivon cans, glass jars, ete. The 
doth and paper may be thin or thick, and the cans, jars and boxes may 
have tightly or loosely fitting covers, or even no covers at all. These 

unples may be tested as soon as (hey are received at the laboratory or, 
owing to the amount of routing work already on hand, they may stand 
lor some days before being worked. As a rosuli of all these conditions 
the cement may have been subjected (o unequal acration and its eh 
teristies changed accordin change has often been sufficient. fo 
rom salisfaciory to unsalisfactory. 


alter the resulting tests 


* Final report, of coment investigation committee appointed by Executive Order 
No. 00, 1907.—The Government of the Philippine Tslands. 
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erutüre on ihe subject of coment is filled with information on the effects 
ments high in lime or those which are "unsou due to the 
ime, are improved by exposure to the air, but cements high in 
quick setting and 
especially (rne. in the 
ion in surroundings 


The lit 
ef nüration? C 
presence of fr 
alumine, expecially if lightly burned, are apt to | 
ous under the same- treatment. Th 
subject to alte 


coni 


otherwise dange 
tropies as “aluminous cements are темі, 
exposed fo alternate dryness and humidiiy and also when exposed fo a high 


temperatur 

Cements are. encounter 
satisfactory throughout, but the specitic 
strength (the 1 (o 3 mortar especial 
other. None of the pats may warp or disintegr 
exposures, ко that perfect soundness may be a e 
ict, possible for a pat to remain at a red leat for se 
siutegrades in any marked deeree, - Cenient of this elass, aceording ta che 
amalysis made from Gime fo Cine, proved itself to a uniform composit 
all respeets except the loss on ignition, which varied from 1 to 6 per cent. The 
siliea conient was miformiy low and the alumina and iron bigh. dt is hardly 
ken to secure uniform 


md soundness of which may be very 
iy, time of settin 
from one extreme to the 
even during steam and 
araeterisije of sieh mate 


a) hours 


the fin 


ug and tensile 


"i 


uceessary to add that every known precaution was 
results, 

Experience in this laboratory has demonstrated thal in most instances 
ations such as those mentioned are encountered in cement samples 
which have been received in (him paper bags, or which had otherwise 
been exposed to the air; and that cement received. for testing in elosely 
covered cans and boxes aud not subsequently exposed to the air, usually 
dé These conelusions are 


good res 


e very acceptable, uniformly 
emphasized by the following tables: 


"anas Hors Characteristic examples of teste of cement stored in cans; 


stor, cs | 


Simple > Sample Ха. 


ipa 


i 

269, ВІЗ 
205 BBH 
305 * 8B 
am ! nme 
RHIF 


“Meade: Chem, Eng. (807), 5, 341; Мог and Thompson: Couerete, Plain 
wd Reinforced, New York (1907), 62; Spalding, Přederiek C.: Hydraulie Cement. 
New York (1004), 4, 56, 80; Caudlot, M.: Cement et Chanx 1 drialiques, Paris, 
1, 

? Spalding, Frederi 
? The setting time i 


C.: Hydraulic Cement. New York (1904), S1. 
all of these coments was satisfactory and uniform. 
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Таш II. — Variation in the same brand of coment received in paper bags. 


{ Mortar, 1 t0 3j 


i Ave 
ne _ —. _ sample; 
M і ха 

day 


жога 
i68! оо! вал 
mo wm” 
mi no 
130! 

Mi 
195 


i opp ms 180 | 
| opts ist us| 
| mw oru yes! 
і nri Ise 15 


Тани Vom ose of setting. 


Initial 


Sample Хо. MA sample No. п 


The above results Jed us to investigale more specifically the effect. of 
air exposure on this class of cement. In Tabte V the depreciating elfect 
upon the mortar of freely exposing а small amount of cement (abour 
100 grams) lo the air in open jars for ten 
mortar mixtures made from coment fresh [rom the sample package, 
dried or undried, and exposed to the air nol longer than eighteen hours, 
did not set before the molding was completed and passed in tensile 
strength. AN mor mixtures made from cement exposed to the air 
for ten days, set before the molding was completed and therefore failed 


is clearly shown. АП 


in iensile strength, 
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Taure V—Pest with dried end ничей cement taken fram paper bags. 


мэ to 509 ©] 


ting molding and setting 


(Mortar, 1193. Temperature of coom ¢ 


` ' Ponnele m 

В Condition oi mortar a per ater 

(same Condition, D “wher molded, | AE sare med, 
ineb. + 


and). | 


| Dried and exposed to air 10 day Set in 10 minuten. 7 zu 
| Briel and exposed to air 10 duy Set in 12 minutes. us 
' Dried and taken irosh from sampie gei oH 


| кышын 
packuge, à 


, ЕЁ! | Dried and exposed to air 10 da Set in 12 minutes... 7] 

Fit, Undried, fresh from sample pnekage.! Not set in 20 mindes. ўз 

j Fra Fresh from simple beated at 1002 | Not set ín 20 minutes.” 6! 

i | с. exposed 1 day. ; 

: Fresh ftom puekoge wndvied.... | Nat sot in 20 minutes. (ә 

А Vricd nnd exposed to nir 10 days... Set iu 10 minntes___., g2 

i Dried and exposed to nir 10 duys....! Sot in 12 mittes... шс M 
D je ndried, irexh from sample package.: Not. set in 20 minutes. Д из Р 


a3 Бейра 246 Towest 188 highest. 


Percentage of water evaporated from FJ- in drying was 0,06. 


In all cases not specified the highest of four good breaks is recorded. 


strate that heating did not cause quick selling, 


These results demons 
and low tensile strength, but exposure to 
Table Va illustrates the same action 


1s for ton days did. 


in open j 


Tanie Va. 


mortar, 1103] 


t Mera i 
1 day 


| Afte 
Stored, (Merge 


121^ Covered enn 

12} | Cneovered ean _ 

i, Covered can. 
Vneovered e 
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The samples ineluded in the next table were received at the laboratory 
in paper s on the 27th of the month. ‘The next morning the two 
comprising cach sample were screened and well mixed. One half 
of cach sample was then pub into a tightly covered, galvanized-iron can, 
and the oiher half put back into the original bag. The time of setting 
was taken after seven, eleven, and twenty-four days with the results 
en in Table ҮТ, 4 


oie М 


Comparison of results of samples in paper bags und in closed cuns 


Worked after 7 days. Prim 


adition uf 


Date Gauging, 


IAM. Peret, в. т. 


211 30 QToo plastie A 
м в | hold its shape. 


Worked alter 21 days. 

= = A ем 

21, Very plastic 
rec ees 


the sume operator by tl 
аа] sataples were thoron 


c Gilmore 


^ s were ade | 
All pats were made aly mixed. 


before weighing, the oris 
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l analysis of number 8 sampled on the eleventh day gave: 


Chemie 


VUL t ualpsis un (екенй duy. 


Constituent i 


Per eent, | Per cont.” 
КАЯ 


хы 


Tron oxide . 
+ Culetum oxide 
; Magnesium oxide . 
Moisture (110°) 
Loss on ignition... 
Sulphuric меню (805) 


i Ou twenty-tonr 
day cement fron 


Diter- 
= ence 


Bag | 


Moisture at тив... p oeni 

^ Lossondgnition after drying 2, 

! Curbonie acid (Сол 1.14 
Combined water . 1 


"Phe rapidity with which iliis absorption of carbon dioxide and water 
may take place (the local climatic conditions being those ol the dry 
season) is shawn in Table IN, 


Two different. brands were investigated. 
were taken from each of the samples specifi 
he 


nd in each case 50 grams о cement 
band pat inter 100 eubie centimeter 
ed and the free moisture then thoroughly 
g at 130? C. The beakers were then allowed to 
stand in the balines room, open to the air, bat protected from dust by paper 
coverings, The gain in weight was noted at the intervals ef time desiguaten, 
At the end of twenty-cizht and one-half days, the moisture wax again driven off 
by continued heating at 180° C, and the amonnt of я bel subtracted 
from the total absorption. The samples were am емей after thirty-five 
ays’ additional exposure. ‘The results obtained in detail are as follows: 


lese were aceurately weigl 


driven off by four hours! hea 


ater absın 


Sample Хо. 


LE IN. Changes in weight on ceposere бо eir. 


Gain in weight on exposure to air - carbon dioxide moisture. 
and water of hydration. 


Lost on beating at 130? € 


леў 


EE ит 
| 
| 


91,9101 
DU] 


etj P. cl. Ps et. вера. Pet! Poet Poot, Peli Poet, P 
jum loas ovr! ur aw ош 09 jen 0.10] 0.491 0. 
10.18 ото 0.02) 0.14 | 0.16 ош 0.9 [010 6.10 | ом 
om 0.12! бам 0,18! 0.18 олз 0.9 Jost ou 
{ом on oo 0150.17 0.13 0.8 | 0.10. 0.10 | 0.49 
галл. 0 1000 | 0.16 [0.17 0.11:0.10 | 0.10 0.30 | 0.48 
0.12 10.5 0.02. 0.13 | 0.17 ore fer өл enr oani oasi 
оло | oon | 0.09 urs оло om fos | 4.22 [ө fom ost 048 joai os 
бөлө! 9.08 os fo ; 


.31 | 0-12 | 0.10 OIL өл! өт [om | 0.88 


> Received in bas, ь Keccived in can. 


ption other than 


гө, 


tal absorption other ti 


days f 


ing. 


moisture for 6% 


the bey 


ON VIDOE 


" 


= 


OXLLSAAL LNS 


LPI 
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вк N. After exposure for sivty-fire and осн] days. 


Carbonite 
" < Loss ou 
sample Ne. РЕОНИ 


' Por erat. 


The rapidity with which this action will progress depends upon 
climatic conditions, upon (he nature of the cement Изо and upon the 
surface exposed. ‘The 


ralio between the volume of the cement and th 
action may take place very rapidly on the exposed sur 
penetrate into the mass very slowh 


s and усі 


A well-mixed cement was stored im a uncovered ван for one month. Cement 
taken not lower than а au Шен from the upper surfzee sel in twenty minutes, 
while cement taken 6 inches below this surface did not sot until two hours, (6 
is therefore absolutely essential in order to secure uniform results from (he каше 
sample thoroughly to mix the cement before weighing; otherwise a wide dis- 
eropaney between the spe ity, time of setting, and tensile strengtle may 
result which could not otherwise be accounted for. 


‘The above data are considered sufficient to iMustrale the effects of 
adration, although in ihis laboratory we have many more experiments 
proving the same facts. It may be well io state that ecments have been 
encountered which do not change to any appreciable exteut after exposure 
for several weeks. 

Tt has been shown (Table УГ, can $; eleven and twenty-four days) 
that cement, otherwise susceptible (o а marked change by exposure 
io air, when preserved in closely covered galvanized-iron eans will he 
Iittle affected by storage; and that thin paper bags do not climinate the 
atmospheric influences. Ji has also heen shown that the characte 
of a cement often undergo a change upon exposure whieh ma 
to make failures of otherwise acceplable tests. Therefore, it is evident 
that no system of cement testing, however acenrate, will insure uniform 
or even comparative results until a proper, specified preservation of the 
samples after they are taken froni stock is made compulsory, 

As a result of the eons 


istics 


ү be sufficient 


lerations given above, it would seem nece ту 
so to modify the ordinary procedure thal the quantity of the cement 
deemed. necessary for the desired tests, should be freely exposed to the 
atmosphere of the laboratory for seven days in a layer 1 inch deep, in 
order to determine the effects of acralion. А comparison of the specific 
gravity, setting time, and loss on ignition of the coment before and alter 
exposure, will give valuable indications as to jts nature, The determina- 
tions made before exposure will be consistent with the quality of the 
cement at the time the stock was sampled, and the second treatment will 
show the qualities liable to be developed by subsequent storage. Ш the 
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effect of exposure is considerable; troublesome variability of the brand 
may be readily attributed to this eause aud the manufacturer wil! then 
know how to improve his product a 


lingly. 

Changes caused by the atmosphere penetrate very slowly into the mass 
of the cement in bar because the wooden staves and heads keep the 
ir from the product to a considerable extent and the mass of material 
is large, Unerelore, alterations which may develop very vapidly in a small 
sample exposed in the laboratory would not take place in the barrel 
until a much longer period of time had elapsed. Spalding '* states that 
“the effect upon cement of retaining it a long time before using depends 
upon the nature ol the coment and the method of keeping it. When 
the cement i 
may ns 
any alteralion, provided it i 

The fact that cemenis 


s inclosed хо ах to prevent Ihe access of air, as in. barrels, it 


My he preserved. for a considerable time without experiencing 
kept dry." 


barrels under; 


o very litile 
rated by the original and the 
re-test of the following cement, the results of which are recorded in 
Table ХІ. The samples for tho re-test were taken a month after the 
original ones. All the samples were protected [rom  aération before 
testing, and the re-test gave only slightly lower results, although su 
sequent experiments showed that the cement rapidly deteriorated in 
time of setting and lensi телуі. when subjected to air exposure. 


change by a moni? 


ABLE XT2—Oviginel and retest (one month later) uf cement stored in barrels. 


ORIGINAL TEST. 


Ness, 


ples 


“rhe soundness ot all s 


Abid., 
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Many engineers maintain with good judgment that a cement should 
on exposure to the air and if if does 


not develop dangerous proper 
so if merits rejection, expecially if the unexposed samples show irregular- 
ity, since it is only practicable {о dest one barrel oul of every ten or 
twenty in stock. I is also irne | barrels often become broken in 
shipment, and should the cement which is so received develop dangerous 
properties, the strength of a whole structure might be weakened by its 


use, 

Portions of the original samples of Ure cement, the tests of which are 
recorded by diagrams numbers 1 and 2 were preserved and the te 
after aration in paper bags are shown in Table ХИ. AW of tese te: 
were manipulated in the same laboratory, and they show thai this 
cement js more or less readily subject to the influence of aération. 


Taste XIL—Test of coment shown in diagrams numbers 1 and 2, after avration in 
paper bags. 


тадри m 2 i i | 

es, after Range ot 
* jtempera- 

mre Anr-! Storage ín bags, 


i 
2123 weeks 


^21 per eent water, 
TIE DISPOSAL OF OAKED CEMENT. 


It is usually specified that cement shall be screened through a 20-mesh 
sieve and thoroughly mixed before testing, ‘The object of the sieving 
is to break up lumps and remove wood splinters, stones and other foreign 
substances. Such a procedure is of course proper. Howey under 
certain conditions, the disposal of caked, cement when it is present in 
considerable quautity should be more Tully described. 

Cement literature hag repeatedly pointed out that the tensile stre 
of a caked coment is соп Ју below that of ihe ori 
before il formed Jumps. is due to the absorption of moisture and 
the subsequeut partial setting. ‘The difference that may result from 
such a change is illnstrated in ‘Cable XII T, which gives the tensile strene(h 
developed by two samples of the same cement, one free from lumps and 
the other сако 


ngih 
sinal material 
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TABLE NULLS 


! 

Mixture. ау. | months! 1 уезт. ORES. | years. | 
| AU imps. ‚| Net ТО 
| No tumps ir "m 

АЙ lum Mortar 


No lump 


чә | Am | 


‘The disposal of these hunps then, especially those which are (oo hard 
to be broken up in the process of sieving, may exert conside 
fluence in the tensile ws the 
hard 1шира and mixes this powder with the original sample, and the 
other simply throws then away, uniform results сап not be expected. 

Should the cake be present in sullicient quantity to alfeet the tensile 
strength appreciably, the person requesting: the tests should be notified 
of this condition, The. presence of the cake may not be due to any 
fault or carelessness on the manufacturer's part. Improper storage 
while in the hands of the engineer or contractor may have caused it. 
Instances are also on record in this laboratory where caking was induced 
in the samples alter they were taken from the stock. "The samples were 


je in- 


irengih obtained. Tf опе fester. рохе 


taken during a rain storm and through carelessness and inconpetency 
on the part of the one handling them, they were allowed to get wet. 

ІР specifications are to guarantee uniform and just results in ali 
cases, the treatment of caked cement must be more fully described than 
it has heretofore. 


INFLUENCE OF TEMPERATURE ON TIME OF SETTING. 


"Phe general rule for all cements is that increase of temperature in- 
creases Ihe rate of setting. Tlowever, there is no fixed ralio between 
the temperature increase and the accelerated setting produced by И. 
The published reports of skilled operators vary in this respect, ind, L. 
elmaicr, afier years of the most careful work was forced lo admit 
that “different cements are differently influenced hy alteration of tem- 
perature = * apd jt is 
for even one class of cements. 

The resulls we have obtained on tbe setting time of various cements, 
worked in the cold-storage room and at local temperature, have shown 
that the samples, in this respect, could be divided mto three clas 

1. Slow sefting cements, little affected by a variation of temperature 
from 20° to 30° С. 


y possible io deduce a general law 


s Griesenaner, Huy. News (1906), 
и ос. Chem. Industry (1803), 12, 
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Cements which are slow selfing at 20° C, Int quick setting 397 C. 
3. Coments which are quick setting al 20° C. and also a£ 307 ( 
As these results were obtained while we were endeavo to determine 
the variation which (his elimate might cause in fests which according 
to American standard specifieations are at about 20° CL, we will publis 
them in full in Tables XIV, NV, NVI, and ХУН. i 
In all the following determinations the cement was sieve and dl 
thoroughly mixed. To elim of nnequal atmosphe 
cach simple of 500 grams was put into а dry, clean boli nd tij 
water was allowed to soak in for one mite. ан 
ly troweled for four additional minutes, 


ked 


until usel. In gauging, U 
then the pase was vigoron 


KIV. -Class No. ty stow-setting cements, little affected by ravintions of 
temperature, 


"Tan 


е an MER ; 
, | : 
Я iTomporuturewhen made] Tempura- | : | 
D dar] Condition of 


i рил, 


$ Cement, | Water.) Room. 


15 | Plastic, 
шр be, 
39; Very plastic. 


| 20 | Plastic. | 
6 29! be, | 

| ji 30] be. ' 

| в' 2 ЗУ! Very plastic, 

| э. 30-31 15 Do, 


Tanis XV—Class No. 2, slow-selling cements at 20°, quickesetting at 30° C. 


Condition of 


ture ot 
Water, | ibitin] Final miti 


| room du. nit 


ser, 


| T 
| E | Cement. Wat 


i 1 

| E [Temperature when mado,! Tempere | | 
| 

| 


эс. 
3 


bily plastie, | 
Do. i 
з 00! PJustic, Н 
8 10, Very plastic, i 
310 | Slightly plastic, | 

| 


Pu 


4 30 Plastic, 
00 1 Ye 


Dinstie. 


? Impossible to ma 


Po dete 
Po determine the effeet of gauging in the cold-storage room and s 
in the laboratory, and vice у sa, two pats were made from cach paste 


and one subjected to the change in tem peratures tl 
à >; the res ч 
in Table XVI. 1 € results are recorded 
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ТАБЕ XVI. 


ampera- | 
ture of 
room dir 
ing 
ding. Í 


Condition 
of paste. 


21,0-22.0 | 


"їл XVIL—Ctuss HI, coments whieh ure quick setting at 20° and also at 30°. 


| | ‘Tempera: | Tempur | | | | 
wot | turen я "ECT 
| Cement.) water, pu duri Water, PAR Ce ОҢ a 
| | ап ting. | \ 
Jin. Па ГЕ e E 
р 
| | | | Perernt.ı h, m. | 
land 9... | Ad | 1 40; Plastic. 
Zand 10 A 1 Do. 
| Bandil | A | 3 Do. 
iand12. A H 1 Do, 
and 13 A 40 Slightly plastic. 
| onud Ht A Plastic. | 
| Tandi | a 
| Sand 16 A e 
Т yand 3. B y plastic, 
| Zand 4. в Do. i 


sTmpoesible to make pat. 


Remark.—Pastes made with 20 por cent of water were more plastie when n 
al 30? than at 17°. 


MOLST-AIR CLOS. 


Another possible source of error which may be accountable for con- 
siderable variation may develop during the moist-air treatment. 

Most specifications allow the briqueltes to be stored for the first 
tweniy-lour hours in a moist-air closet or under a damp “Чой. Moist- 
air closets are given the preference, as unequal drying often oecurs in 
using the damp cloth. А well-constructed moist-air closet is essential 
to uniform results. 

One condition in the use of a moist-air closet that іх liable to have 
considerable influence upon the result of the coment tests should be taken 


This table also shows the marked elfeet that 1 per eent of water more or 
and time of setting of some cements. 


less, will produce upon the plasti 
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into consideration, ‘This is produced by the heating of the coment after 
it is ganged and molded. Many cements heat consilerably at some рено 
of the stage of early setting and hardening, the rise in temperature often 
s 10°C; it may take place in five minutes, or if may пої 


being as much 
occur unlit many hours alter the gaug 
C, Prüssing ™" states that "many 
quality begin to set after five or 
one hour, giving a rise of temperature of 3° do "C." 
erated by briquettes placed under a damp cloth is not confined, as it 
Чу conducted away into the surrounding atmosplicre. Moisi 
closets are constructed to iisulate the interior [rom outside heat in- 
fluences much as possible, amd as a result the heat generated by the 
briquettes is eoufined : so that in a cubic: closet ol 2 feel on 
the side which was used io store briquettes after they were removed from 
the molds, the temperature often rose to 10° C heing room tempera- 
ture) when it held from 86 to 100 briquettes. А mimber of. slow- 
sive intervals of tiine, or worse 


ne. 


slow setting cements of excellent 
hours and then set completely in 
The heat gen- 


тој 


ent, mo 


selting briquettes made at diffi 
still a mixture of quick, normal, and s 
these conditions not be subjected lo the same uniforin temperature, 
to а leurperature change that is characteris of jt during Их most 
critical setüng aud hardening period; and the same is true of the slor 
of pats made for the time of setling when many are placed in one com- 


low-setting eeinents, will under 


or 


ge 
ge 


partment after gauging. 

It is well known that the temperature conditions under which cement 
s aud hardens will influence its tensile strength. Therefore, the 
practice of storing numerous briquettes in one compartment of a moist- 
air closet is very diable to cause almormal one, seven and twenty-eight 
day breaks of some of them, Pats for tinie of setting similarly stored 
may be also affected to sneh a degree that an otherwise slow 
cement may become quick setting, 

We suggest two ways of overcoming this ohjectionat feature of the 
ordinary closet. The heat generated by the selting cements may he 
conducted away by means of a forced ventilation of air saturaied with 
moisture; or only briqueties and. setting pats of the same cement made 
at practically the same time should be placed in a small, insulated com- 
partment. The former method will maintain the interior of the com 
ment at nearly the same temperature as that of the laboratory, while the 
latier will meet the conditions of acinal servico, as the heat generated 
by the cement is not readily conducted away. Laboratory tests should 
neide as closely as is possible with the actual conditions of construction 
work, where large volumes of concrete are tamped into wooden frames. 
The heat generated in such a large mass (especially in the center of it) 
is not condueted away by ventilation and it is in fact partly insulated 


ing 


"лоні. Zeit, (1894), 18, 251. 
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by the wooden molds. ‘Therefore, a moist-air closet formel of several 
small, insulated compartments, cach with ils own pan of water, is bost 
adapted for the purpose, Such a mois 
for this laboratory, 

Standard coment specifications should include a definite form of moist- 
air closet with a complete description of ihe materials for its construction, 
iis dimensions, and directions for iis use: otherwise one source of the 
led personal error will pers 


air closel has been constructed 


TIME OV SETT 


The American Society has adopted the Vicat needle method for de- 
terminations of the time of setting. It seems to be the general impres 


sion that the Gillmore method does not insure the desired accuracy, and 
many cement testers will regret that.such a convenient and time-saving 


process has been supplanted by a more cumbersome one; still the Gilhnore 
method, if properly regulated, can be made accurate, reliable, and im- 
partial and at the sume time retain ils simplicity, even thoagh the meager 
directions in the United States Army specifications do not insure uniform 
results between different operators and at times imposes 
upon sone good сетей. в: ‹ 
Merz, Meyer, Schilfner, Bohne and many others have each pointed 
out that to determine the Lime of setting of a cement it should be gauged 
with a quantity of water proper to it? 1t has often been demonstrated in 
this laboratory that 20 per cent of water is not enough to meet the re- 
quirements of the fineness, specific gravity, chemical composition, and 
physical properties of many good Portland cements sufficiently to produce 
a paste plastic enough to be molded into a pai. The resulting paste is 
often so dry and nou-cohesive that it will not slick together or to the 
glass plale; and yet Lio 3 per cent of water in addition will produce 
the desired -plasticily and cohesiveness, 
The whole phenomenon of the manufacture of artificial stone from 
finely powdered cement is oue of solution, hydration and subsequent 
crystallization. ‘Lhe addition of sufficient water is essential for proper 
solution and hydration. ‘Phe addition of 100 mueh water is to be avoided 
because of its effect upon the subsequent allization, aud because 
the density of the paste must allow of proper manipulation, Therefore, 
it is very evident that plasticity and not a given perecutage ob water 
should be the condition regulating the paste for cement pats 
"The insistence of the United States Army engineers upon a paste 
ganged with 20 per cent of water seems to be a striking illustration of 
Spalding's assertion that 1% “tests may he imposed whieh in nearly all 


unjust tests 


Soe, Chem. Industry (8 
5 Ibid, 87. 
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s will secure. good material, but often at fhe expense of. rejecting 


equally good or better material: 
Merz, Meyer, Sehiffner, and others also in 
is gauged 10 the proper plasticity there is a large р 
the operator himself. After a careful study of this personal error, we 
have соте to the conelusion that it is mainly due to the following five 
CAUSCS > 
1. The manner of applying the needles. 
2. The presence of small aiv bubbles near the surface of the pat. 
3. The difference in the amount of water hroughi. {о the surface in 
patting the cement together and its presence there in a more or less 


ist that even when cement 


rsonal error due to 


liquid layer. 

3. The difficulty in judging (he exact time when the needles cease 
to make a “visible impression.” 

5. The difference in plasticity. 

‘Lo overcome the first difficully the pat should be made with a flat 
(not rounded as specified) top as illustrated in 05.1. The needle should 
then be applied very gently and after ihe flat poini resis upon ihe 
surface of ihe pat the full weight of the needle shoul gradually be 
applied. Failure to hold the needles in an exactly veriical position will 
often cause the edges to indent where fhe flat point would not. 


z EL 
ee i 
Fra. 1. 


"Го overcome the second, third and fifth diffienlties, the cement is 
gauged with the least amount of water which after one minute's soaking 
and four additional minutes of vigorous troweling will produce a paste 
sulliciently stiff to retain its shape, and yet so plastic that the ini 
needle will sink almost to the glass plate when applied directly after 
forming the pat. A ball of this paste when dropped from a height of 
70 ceniimeters will flatten уот һу aad will not crack. А lump 
dropped from the point of the trowel will leave the surface of the latter 
comparatively clean. In forming the pat the cemeni should be thoroughly 
patted together wilh the flat of the trowel. This eliminates the air 
bubbles near the surface and also brings Ihe excess of water to it. In 
forming the ilal top, the hyperaqueous cement should be wiped off as 
тие as possible with the edge of the trowel, and the surface left smooth 
and firm. 

Difheuliy number five is especially marked in slow-setting cements, 
as somelim slight indentation will persist for hours and in the judg- 
ment of an individual operator, may even not bo fixed within thirty to 
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sixty minutes. However, this uncertainty can be greatly overcome if the 
needle is carefully applied at intervals of five, ten, fifteen, or twenty 
minutes aceording io the rapidity of set, indentations being made in a 
row. Alter the pat has hecome dry, the point where the needle ceases 
to penetrate is easily recognized (especially so if the surface is slightly 
moistened), and the time can then be calculated according to the number 
of previous indentations. 

Figs. 2 and 3 illus л quick and a normal setting cement, worked 
according lo these directions 
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This method, once the details are mastered, is just as convenient and 
quick as a less accurate one. For research work and for cements the 
selling qualities of whieh are close to the requirements of specifications, 
it is especially valuable, as we have found that two pats of the same paste 
will compare almost exactly, and that even different operators will not 
Ful and efficient. 


vary 10 per cent if they are е 
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However, it has been our experience that, as Spalding ' state 
rate of setting оГ neal paste gives but little indi aton o£ what. the 
may be with sand.” Several instances of s Чогу neat and mnsatis- 
factory morlar tensile strength have been encountered in this laboratory, 


because of the more rapid setting of the cement when combined with 


sand. T4 is deemed sulfieient to state here that the mortar and neat set 
must vary because of the differing percentage of water which is used, the 
‘al manipulation, In. the air exposure, in mixing, the 


difference in phiysic 
physical and possibly also the chemical influence of the 
Vor the thorough study of the nature of some cements the determina- 
tion of neat and mortar setting qualities may be essential, А simple 
method (o determine the setting time of a mortar is here suggested. The 
beginning of setting wheu sufliciently rapid appreciably to influence the 
briquette’ manipulation is characterized by sudden drying and a slight 
stiffening of the mortar, If a mixture is made as if for briquettes and 
m placed on а glass plate and divided into cubes with the 
i may readily be detected when a cube, upon being 
xut and offers 


sand, 


the mortar 
trowel, a slight s 
crushed beiween the finger and thumb, fects dry, crumbles 
a slight resistance to the crushing Loree. A harder set may he arbitrarily 
fixed and determined when the setting has progressed io the extent that 
а one шей cube dropped from а height of one foot will not c Я 

However skilled the operator may be, or however accurate his method, 
uniform results even by ihe same operator and ou the same cement can 
not be insured unless the precautions described under the previous head- 
ings of “Kitects of aération” and * i 


1c 


not previously mixed, may set in tweniy minutes, while succ 
vol set for hours. When it 


desired 
me cement it is 


ples taken at а lower depth пы 


selling tests on t] 


to make a series of comparative 
advisable 10 remix the sample thoroughly before weighing and then store 
the coment in Lightly stoppered, wide-monthed bottles until jt is used. 
The pats should be stored in insulated compartinents ol the mois 
closet. to avoid the influence of tbe heat liable to be generated by other 
pats during setting. 


SOUNDNE 


Tests for soundness, like setting pats, should he made with a paste 
of the correct plastivity. If too little water is used in gauging, the 
cement will not adhere properly to the plate, and lack of cohesion in the 
cement itself may result in cracks not due io its subsequent expansion 
or contraction. If too much water is used, shrinkage cracks of such a 
nature as fo be easily mistaken for evidence of unsoundness, may occur. 


эра. 111. 
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This laboratory uses the same plasticity in its tests for soundne for 
setling pats, The cement m this condition is thoroughly wet and pliable, 
ill stiff enough to retain its shape, therefore it meets all the reqnire- 
ments of a just test. Uniformity between dilferent testers is also secured, 
because 1 per cent of water more or less would so change the nature of 
the paste that it would be rendered either too dry or too liquid. The 
results obtained depend much upon the skill of the operator. Sudden 


changes in temperature during the steaming and boiling tests should 
always be avoided. Moistening the surface of the glass plate with a damp 


cloth before applying the paste will insuve better adhesion to the plate. 
A ball of the paste should then be applied to this surface and patted 
down very vigorously into the desived shape. Vigorous patting with the 
flat of the trowel eliminates any interior cracks, reduces the air bubbles to 


a minimum and brings the excess water to the surface, For soundness, 
the Чор of the pat shonld be arched and the rim troweled io a thin edge 
as shown in fig. 4. Pats mad 
unless the cement is faulty. 


з in this manner will not warp or c 


ТЕ 
к 01’ 
їс. 4. 


We have noticed that di ni esters interpret the results of soundness 
tests in different ways. Some operators will reporl as “unsound” a 
cement that shows (he least trace of warping even after air exposure, 


ght incipient disintegration are often voported 
› 


Cements showing only 
as “disintegrated.” Jn like manner “off plate? and “cracked ph 
often attributed to expansion and contraction. Such an interpretation is 
unjust to the manufacture and cracking 10 some extent under 
certain conditions are not to be considered dangerous. А sound pat com- 
bined with a broken plate does not necessarily indicate dangerous con- 
traction or expansion. Every cement expands more or less, and in this 
case the adhesion between the cement and the glass js very strong. As 
the glass also has an expansion factor, all such ould be reported as 
satisfactory if the pat itself shows no sign of cracking or warping, To 
insure a perfect understanding between the manufacturer, engineer and 
interpreted alts, specifieations should 
iptive chart of the proper s andard interpretation by which 
ificance, and importance of the various degrees of warping, 
ating and shrinking are to be regulated, This labora- 


are 


as warping 


ses 


tester and to avoid unjust or mi 


the extent, sig 
cracking, disiniegr 
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tory has adopted tho standard portrayed and described by Taylor and 
Thompson ® in order to insure a complete comprehension in this respect. 
Much diversity of opinion exists regarding the rejection of a cement 


- which fails to mect the boiling test," bet we regard such a cement as 


dangerous if it is to be used in works exposed to the heat of the tropical 


‘sum. 


Excess of lime, coarseness of grinding, insufficient seasoning, and 
underburning of a coment may cause it to fail to pass the soundness fest, 
If lime is the cause, storage may eliminate the defect, as the free lime 
would thus be changed to the carbonate, ог slaked, and so would not cause 
subsequent expansion. 

Many engineers believe that failure to pass the hot test is not a proof 
of inferiority, as the cement so failing, if mixed with sand or some other 
aggregate, has produced durable masonry; it is also a known fact that 
thoroughly slaked lime paste can be added to a Portland cement mortar 
without injurious results. We suggest that, as is the case in determining 
the time of setting, some specification be devised to test the mortar 
mixture as well as the neat paste. 


TENSILE STRENGTH, 


‘The variation in the breaking strength of both neat and sand briquettes 
is a source of trouble to every cement tester, and despite every effort to 
eliminate this error, breaks continue to be variable with a persistence that 
makes it necessary to double or treble the number of briquettes otherwise 
required. We have made a thorough study of this variation and as a 
result have come tò ihe conclusion that only a portion of it is due to 
the personal error of the operator, and that the remainder is caused hy 
the charaeteristies of the cement itself. 

‚Personal error even with the most careful manipulation, may De pro- 
dueed by (1) unavoidable variation in treweling; (2) difference.in the 
force of the blows; (3) lack of equality in forming cach layer of the 
briquette; (4) variation in the size and «Баре of the mold; (5) difference 
in the size and shape of the sand particles; (6) personal error in machine 
operation; (7) unavoidable internal strains and voids caused by the 
manipulation’ which the specifications impose (8) the impossibility of 
securing a perfectly homogeneous mixture; (9) variation in drying, 

The errors caused by the natural characteristics of the cement, and 


. Which need more extended explanation, are as follows: 


1. It is obvious that it is impossible to expose the same number of 
cement particles to the action of the air for the same length of time in 


7 Сопеге{е, Plain and Reinforced. New York (1907), 103-107. 
* Boe. cit. . 
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each instance during troweling; those outside will be exposed more than 
the inner ones and the evaporation caused by contact with the air may 
cause setting. We would expect a greater variation from this cause in 
quick setting cements than in slow ones ; and our experience has confirmed 
this. Slow setting cements give the least variation in tensile strength. 
2. Another cause of variation is the tendency porsessed by some cements 
to enclose air bubbles, thus producing irregular voids. 

3, Unequal hardening of the exterior and the interior of the ecient 
briquettes may cause differences in heat generated during setting and 
variable water action during submersion. This cause may also produce 
internal strains and voids. This variability would also be expecially 
marked in quick setting cement 

4, Irregularity in the intermingling of the crystals during crystal- 
lization. 

Tn summarizing the above conditions, only errors which are unavoidable 
and such as might occur in a batch of four briquettes made and manipu- 
lated in the same manner and under the same conditions have beon 
assumed, and our endeavor has therefore been, if possible, to minimize 
the personal error, and to this end a-new type of tamper differing from 

„ that specified by the United States Army engineers was adopted. We 
found it impossible to raise the specified tamper exactly one-half inch 
at every blow, and at the same time to apply the blow just where we 
wanted it. A simple, accurate, easily and quickly manipulated tamper 
which gives the same force to every blow, and hits the exact spot desired, 

‚ жаз therefore devised by us. 


A (fig. 5) is a thin, hollow eylinder open-at d and closed at e. It weighs 
about 60 grams. B (fig. T) is a solid brass rod which weighs just 1 pound. The 
спа bearing the lug b is inserted into the cylinder А, b following the groove a. 
.To manipulate this instrument, the rod B is held near the top with the thumb 
and forefinger of the right hand, A being held in the same way with the left. 
The lug Ù is drawn hard against the angle in the groove a, amt the end с is placed 
on the surface of the cement just where it is desired to have the blow strike. 
The rod is then dropped and at the same time the hold ой А is loosened. A 
little practice will enable any onc to operate this tamper very quickly, and at 
the same time to deliver an unvarying blow due to the half-inch drop of the one 
pound rod. The blows can be directed at will and it is not possible to hit the 
edges of the mold. 


The United States Army specifications direct the tester to raise the 
tamper one-half inch above the surface of the cement. As the paste and 
mortar are put into the molds in a lumpy condition, no plane surface 
line is presented, and as we wished to control the force of each blow as 
much as possible, a surfacer was devised to enable us to have uniform 
plane. d 
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Fre. 10. 


This surfacer is made of steel and of the form shown in figs, 9 and 10. The 
flat surface с fits loosely into the mold. The layer of cement is placed into the 
latter, distributed as evenly as possible with {Һе fingers, and then lightly pressed 

. together with the surfacer. Treating each layer in this manner also keeps the 
material from sliding and working around during tamping. 

‘To secure uniform effects of tamping it is also essential that the suc- 
cessive layers of cach briquette be made as nearly equal as possible. 
This is easily attained by the use of a small beaker as a measure. After 
selecting а heaker of the correct capacity it is scooped full of cement, 
the exeoss shaken off, and the remainder turned into the mold. 

It is not advisable in mortar manipulation to use a measure; the 
mortar adheres to the glass to some extent and, in dumping, the sand 
readily falls ont, but some cement paste remains attached to the beaker, 
thus changing the ratio of 1 to 3. We quickly form the mortar into а 
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flat square on the slab, and by pressure with the edge of the trowel 
rapidly divide it into sixteen cubes. One such епре forms each layer 
7 of the briquettes. 

In tamping the last layer, it is advisable first to lay an empty mold 
exactly over the othor. The empty mold acts as a guide for the tamper 
“and во avoids the possibility of the loss of the full effect of a blow caused 
by striking the edge of the mold. м 

‘The United States Army specifications direct that cach Tayer of cement 
in the molds be uniformly tamped with thirty blows, There is no 
possible way to avoid unequal overlapping of blows with the lamper 
specified (both round and square). As a result, and also because of 
the fact that the cement is put into the molls in a more or less humpy 
condition, certain voids and excess in the consisteney and compactness 
of the resulting briquettes are unavoidable. Air spaces also form wi h 
more or less irregularity. These produce internal str and variation 
in cohesion, and consequently differences in the breaks. This illustrates 
one ense of a specification which imposes variability of results upon the 
tester. 

The American Society method eliminates the greater part of this 
trouble. The paste is more homogeneous and plastie (not Кипру); it 
is readily pressed into the molds by the fingers and a subsequent patting 
of the briquette with ihe flat side of the trowel will eliminale any varia- 
tion in compactness caused by uncqual pressure of the fingers. 

The natural tendency in tamping briquettes is to strike the middle, 
narrow section more than the wider ones; it follows that the resulting 
briquette is denser in the middle portion. This is the main cause of 
bad breaks, besides giving a higher result than is just if uniformity 
of tamping is followed. It is just as essential not to, weaken the middle 
section below the average density. Such a method of tamping will give 
good breaks, but lower the tensile strength. 

After experimenting with many methods to secure as uniform tamping 
as possible, conducive to good breaks aud greatest strength, we have 
adopted the following method which ean be accurately carried out with 
our automatic tamper. 


Fro. 11. 
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es, 


Fro. 12. 


The fourteen blows illustrated hy fig. 11 are repeated and the final two 
struck direelly across the middle as shown by fig. 12. 

Neat briquettes made in this way always break across the center in 
the Fairbanks roller clips, and seldom vary more than 10 per cent from 
the highest (5 per cent from the mean). At times, batch after batch 
will break within a few pounds. Again, at rarer intervals, an occasional 
break. occurs which is 20 per cent or more away from the normal. This 
variation depends to a great extent upon the nature of the cement and 
the consistency which the per cent of water used produces. Quick- 
setting cements give the greatest variation in results. 

Sand briquettes still continue to differ considerably, as is true with all 
other methods. ‘Ihe variation in the size and shape of the sand particles 
and the corresponding voids and excesses of cement are such that it does 
not seem possible to contrive any method io eliminate the differences 
in the tensile strength, The chief value of our system in this re-. 
spect is that it insures good breaks and hence gives more data to 
report from. For the purposes of investigation and for work which 
is under dispute, the question of variation in the force of the blows and 
their application is eliminated by our method. Tt is also true that the 
mechanical tamper renders it possible to depend upon the labor af 
assistants. The variations in tamping having been ¢liminated, a smaller 
number of breaks will suffice. We find that four briquettes from two 
batches of mortar will almost invariably cover the entire range of pos- 
sibilities, and show any undue variation in the quality of a series of 
cement samples, this is illustrated by Table ХУТИ which shows the 
uniformity of the cement very plainly, despite the small number of breaks. 

71978 —5 
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- Taste XVIIL—BSAhowing the uniformity of breaks (ше to the method of tamping? 


Tensile strength in pounds per square | 
| 


Fineness, specifie gravity, and set." nek 
No. a Neatecment, | Me menp tos i 
| Specific | Initial | Final М | 
mesh), 8799005. | set. | ы 1 day. |7 days. 25 ауы? нуз. | 28 бика, | 
— е е ер 
LS | 
EI 3.06 | 1 10 E ив | 1 
FL 3| 1 B E ии | 
F23 3.07] 1 30 | a 102 " 
F24 $07| 1 301 sn 166 i 
F25 1 sj 520 159 | 
Foe 13! 58 157 
F23 1 | Би 168 
E iml мв из | 
723 „%| 1% | эз 158 
F210 л | Wi 502 15 
Number of briquettes broken... 2 3 3 4 


+ Зее also Table XI. 
»Soundness satisfactory at the end of six and twenty-eight days, respeetively. 


The following diagram demonstrates the value of our method: Twenty- 
eight briquettes of cement, ground extremely fine, were made and four 
briquettes were broken every other day. The results are plotted on the 
curve shown by diagram number 3. 
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Dracrax No, 3. 


This curve is of interest as it plainly demonstrates the unequal action 
of water upon the briquettes, the tendency being for the curves of the 
extreme breaks gradually to grow farther apart. The low tensile strength 
neat, as a characteristic of extremely fine grinding, is also of interest, 
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In this laboratory all sand briquettes are broken in a German machine 
(Hugershoff), invented by Michaelis. The Fairbank’s roller grips are 
so heavy and the surface of contact so narrow that they erush through the 
majority of -day mortar briquettes, giving bad breaks and figures 
representing low tensile strength, and this is especially true of cement 
which does not in itself develop great strength. The German machine 
offers a wider surface of contact and the grips support their own weight. 
Comparative tests carried on for months in routine work give 10 per cent 
higher results with the latter, but the variation is greater, ав the machine 
is more delicate; the probability of obtaining bad breaks is also greater, 
but when our system of tamping is used this probability is reduced to 
a minimum. y 

1+ is especially difficult in this climate to obtain uniformity in the 
demonstration of tensile strength. 'lhe laboratory temperature seldom 
falls below 26°, and is often as high as 31*.5. Our own experiments 
bear out the conclusions derived from all published data on the influence 
of temperature. High temperature is conducive to slightly greater tensile 
strength on 7- and 28-day tests, and also to a greater variation between 
breaks. . 

The different tensile strengths secured by different machines, molds, 
and grips is another reason why there is such a great lack of uniformity 
between different laboratories. Johnson, Sabin, Thompson and Taylor, 
Spalding, Butler, and in fact almost every authority on cement testing, 
devote considerable space to illustrating the variable results that occur 
from this source. A specification that allows any form of grip and mold 
can not hope to accomplish its purpose. he Army specifications allow 
the use of any tensile strength system. The American Society specifica- 
tions recommend a special form of briquette and regulate certain im- 
portant factors in the grips. To insist upon a certain machine, grip, 
and mold would be a rather delicate undertaking, but until this is done 
there may always be a large difference due to “personal equation” between 
the tensile strength determinations between different laboratories. 

The American Society introduces a very good check upon the mixing 
and molding of briquettes by specifying that they should be weighed just 
before immersion and that all which vary more than 3 per cent from the 
average, should be rejected; in this way greater certainty in results is 

` obtained. It is very easy io work within these limits, and every tester 
should strive to attain weights which approach each other within 1 per 
‘cent. ‘This determination of weight, in addition to being a check. upon 
the uniformity of mixing and molding, may also disclose the efföet of 
unequal drying and of,imperfect molds, Sand briquettes are more liable 
to variation beyond the limits of 2 per cent than are neat. This dif- 
ference is duc, as is the variation in breaking strength, to the Jack of 
uniformity in the size and shape of the sand particles and the irregularity 
in voids. 
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The conclusion would naturally be drawn that the greater tlie density of 
the briquette, the greater would be its tensile strength. This is not true 


within limits of 2 per cent, as the other reasons for “personal error™ 
to high tensile 


above deseribed may overcome the natural tendenc 
strength caused by the density of the material. In sand mixtur 
a high density may simply show that more sand and less cement have 


also, 


been used, 5 
These facts are illustrated in our routine work and shown by Tables 
XIX and XX. 
Тльге XIX.—Mortar briquettes, 110 3; 123 per cent water; tamped. 
enne | B Tende: 
imein nih | woight in [rime in! strength | Weight In 
Sample No, [TIME ÄN| zn pounds | Weird | Sampte No. Ол in pounds 
UE No. D days | рейвошьте Krams | т! days. пире] rame. 
ineb, | inch. 
7 ти 131.0 | т 191 
Y: 181 129.9 || 7 1 
28 218 130.5 28 221 
їз x0! 126.5] 28 233 
FLS- 7 176 а | FL. 7 188 
7 192 130.6 т 17 
28 188 131.0 28 244 
28 195| 180.0 28 232 
7 18| mr 7 182 
7 191 229.3 | 7 192 
28 223 128.6 | 2% 238 
3 |- ao 127.9 | 28 аз 
TABLE XX.—Neat briquettes made from sample Y 1 according to Am 
` specifications, 
Tensile x Tensile 
Agein | maid. | Weightin | Aver? || Agein | strength | Weight in| Avemge 
МЫ Е wire 
inch, , inch 3 
E 137.3 | 636 
605 {13868 = 613 
(539) 138.2 ER 509 14.6 
638 19.0 | 609 
(686) 137.5 | 621 
636 187.8 (661) 
620 137.8 we 631 137.0 
625 138.6 | 617 
For some, time this laboratory was forced to manipulate all cements 
Brel according to United States Army Engineer specifications, with 
20 and 12.5 per cent of water for the neat and mortar tests, respectively. 
Twenty per cent of water will not satisfy the chemical ап physical 
ilitie: D. n 
possibilities of many good Portland eements, and the folowing tahle 


illustrates this fact: 
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TABLE XXIL—Variations in tensile strength with varying quantities of water; 
Tay results, 


Neat. 

1 to s 

|— —41—— ——. mortar, 
„Sample No. 20 per | 22.5 per | 125 pet 

z сеш | есш} | cent в 

water, | water, | WBUT 

as 83| 28 

182 64| 208 

167 92| эш 

152 coo} 2ш 

ү [ | 209 


The highest results of four good breaks are recorded in each instance. 


Tt will be noticed that the sand briquettes (12.5 per cent water equal 
to 50 per cent caleulated on the cement) present higher results than 
the neat with 20 per cent of water; and that 2.5 per cent additional 
for the paste increases its tensile strength over 200 per cent. The 
following table shows a failure in either case: 


Tanie XXIL—Varying quantities of water used with a failing cement. 


A 7 daya neat. | 28 days neat. 
* к=к таа асна 
Bain ple Ko, 20 рег | &per | soper | 24 per 
eent vent cont cent 


water. | water. | water, | water. 


200 E 24| 408 
257 438 so| ms 
262 418 318 451 


‘Twenty-seven per cent of water gave lower results than 24 per cent. 


It is a simple matter to judge when a cement contains enough water 
if the method of tamping is used. The surface must be wet when the 
last layer has been tamped into the mold and of not quite the plasticity 
described for the pats used in determining the time of setting. A dry 
surface is positive proof that very low tensile strength will result, The 
determination of the “normal consistency” can not be used for this 
purpose as the resulting paste is too slushy for tamping. a 

Jf 20 per cent of. water gives too агу a mixture, we add an additional 
quantity sufficient to bring the water to the surface after tamping. The 
percentage of water necessary to aceomplish this result is included with 
the report of the tests. The results obtained in this way by our tamper 
and method of tamping are satisfactory, consistent and true to the quality 


of the cement. The best result of four good breaks is sufficient for all 


routine work. 
The United States. Army specifications state that the best results are 
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obtained with a mortar containing 10 to 12.5 per cent of water, and 
suggest the use of 12.5 per cent. This is contrary to best practice and 
results. The correct amount of water for sand, as for neat briquettes, 
depends upon the nature of the cement, and the amount of water necessary 
to wet the surface of the sand. We find that 12.5 per cent is too much 
for mortars the neat coment of which worked with 20 per cent makes 
a fairly wet paste; and that 10 per cent for such a cement gives better 
results. The reason for this is a physical one, as in tamping a very 
wet mortar into place, much of the cement is unavoidably lost to the 
briquettes. During the tamping operation the water is forced to hoth 
surfaces, and carries with it the finest (most valuable) cement particles. 
In finishing the briquette, this top surface, especially rich in cement, 
is struck off and the resulting briquette is weakened by the reduction 
of the 1 to 3 ratio as well as by the loss of a portion of its most valuable 
constituent. 

. We give this explanation as the reason why many briquette machines 
fail and why under certain conditions a slight finger pressure will 
make a stronger briquette than powerful mechanical foree. The con- 
siderable pressure exerted on the briquettes by such machines forces 
the water to the surface and this earries eement with it, while the sand 
is left in the mold. 

As the addition or subtraction of as little as 1 per cent of water may 
effect the resulting strength of.a mortar briquette sufficiently to cause 
the acceptance or rejection of the material, the American Society intro- 
duces a good feature in cement testing to cover this effect, for in their 
specifications the amount of water necessary for any mortar is given 
according to the percentage of water required to reduce the neat cement 
to the normal consistency paste. This is shown by the following table: 


Tanie XXIIL— Percentage of water required for standard sand mortars, 


1 part cement 
Normal con-| to 3 paris 
sistency, neat. | standard Ot- 
tawa sand. 
Per cent. Per cent, 
`22 Er 
23 9.8 
a 3.0 |- 
25 10.2 
26 10.3 
27 10.5 
28 10,7 
29 10.8 
30 1.0 


= Eng. News (1902), 48, 130. 
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The American Society specifications, with some modifications, will 
be adopted to test cement for all future Philippine construction work. 
Although this change has been favored by this laboratory, we do not 

- believe that the above table, regulating the amount of water for mortar 
briquettes, will be advisable in this climate. A natural, sieyed Philippine 
sand will also be used, but the ratio between the results obtained with 
this and those with standard Ottawa sand is still to be determined. 

Atmospherie influences will not affect the cement during mixing and 
molding according to these specifications to as great an extent as with 
the tamping method, as the whole operation of making tbe briquettes, 
once the normal consistency has been ascertained, requires only about 
one-third of the time. E 

Tlowever, the tamping method, according to the United States Army 
specifications, is more in accordance with actual practice. It takes from 
sixteen to eighteen minutes to gauge the molds, which is about the 
average time that concrete manipulation in structural work requires. 
If the cement begins to sel in ten or fifteen minutes, the tensile strength 
of the briquettes will be reduced by subsequent tamping, which is just 
what may be expected to happen in field work. According to the 
American Society manipulation, the briquettes are gauged in five or six 
minutes, hence the result of quick setting ten or fifteen minutes after 
the water is added does not affect the tensile strength so much, as the 
intermingling of erystals which are then formed are not broken up by 
subsequent tamping. "Therefore, failure to pass the initial set require- 
ments of cements tested according to the American Society specifications 
must be givon more important consideration than otherwise, ав the tensile 
strength, while little affected in laboratory tests, may suffer considerably 
thereby in construction work. 


SPECIFIO GRAVITY AND LOSS ON IGNITION. 


Much diversity of opinion exists among cement workers regarding the 
value of the specific-gravity test. It was formerly considered as an 
almost infallible indicator of adulteration and underburning. The work 
of Butler, Meade, and of the committee on technical research of the 
Association of Cement Manufacturers has proved that Iow specific gravity 
is often due to seasoning, and that Portland cement can be heavily 
adulterated and still retain a specific gravity above 3.10. As a result, 
many engineers do not now attribute any value whatever to this test. 
However, the experience of this laboratory induces us to support the 


А “Chem. Eng. (1907), 5, 219. 
2 2 Chom, Eng. 6, 17. : 
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assertion of the paragraph headed “General observations” of the “com- 
mittee on standard specifications for cement.” This committee states: 

“Specific gravity is useful in detecting adulterntions and underburning. The 
resulis of tests of specific gravity are not necessarily conclusive as an indicator 
of the quality of a coment, but when in combination with the results of other 
tests may afford valuable indications.” * (Italies are supplied.) 

The specific gravity is useful in detecting adulterations because certain 
adulterations will alter the specific gravity beyond the limits of specifien- 
tions. However, the adulteration of Portland eement is so readily de- 
tected by competent chemists and testers that it is now seldom indulged 
in by manufacturers. The real problem of cement testing concerns its 2n 
with the pure product; and for the valuation of this we find the specific- 
gravity determination to be a great aid. Of course, its importance is 
limited. Like the chemical analysis, it gives definite aid only to a 
limited degree, Chemical analysis will not show the degree of burning 
nor the compounds that exist in a cement; and the specific gravity will 
not always disclose adulteration or underburning. However, both these 
tests give valuable aid in tracing causes of defects which by other tests 
have been found to exist, For instance, it was the relation between the 
speeifie gravity, the tensile strength and the setting time of the cement 
recorded in diagrams 1 and 2 which gave us the first clue to the cause 
produeing the variations which prevailed throughont these tests and 
which 1е us more fully to investigate the effects of aëration on high 
alumina cements. Now that we understand the nature of this cement, 
the specifie-gravity determination alone cnables us to predict very ac- 
curately what the results of the other tests will be and to suggest how 
the cement may be improved. " 

Failure to pass the soundness tests may be due to two causes—excess 
of lime or underburning. Unsoundness in conjunction with low specific 
gravity proves that underburning alone is the cause of the warping and 
disintegrating. Я 

Cements may attain а low specific gravity as а result of prolonged 
seasoning. If this benefits the cement, well and good; but if it injures 
it, then the material should not be allowed to season, or, if seasoning has 
already developed dangerous properties, it should be rejected. The 
specifie gravity, before and after ignition, will indicate to what extent 
seasoning has effected a well-burned cement, and a record of tests com- 
pared with the corresponding specifie.gravities will show the quality of 
the'cement developed by the absorption of various amounts of water and 
carbonic acid. ғ 

1f a cement shows little change in its specific gravity before and after 
ignition, and also gives unsatisfactory tests in tensile strength and setting 


= Meade, loc. cit. 
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properties, chemical examination will usually show that it has not the 
proper “hydraulic index.” 

Underburned cements usually have a very low specifie gravity, because 
they absorb water and carbon dioxide more rapidly than well-burned 
cements and because all the carbonic acid may not be driven off during 
the burning of the raw material. 'lhe compounds formed by underburn- 
ing are not as stable as those of a well-burned cement and hence are 
more readily influenced by atmospheric conditions. 

Underburning is readily detected by the soundness test provided the 
cement is “fresh ;” but seasoning often eliminates the unsoundness and’ 
therefore renders this test of no value for its detection. We must then 
depend upon the specific gravity, loss on ignition, color, and other tests 
to disclose the fact. A high loss on ignition is not characteristic of the 
best brand of Portland cement, even after prolonged storage. 


К. & W. Fresenius” consider “that the limiting value of the loss on ignition 
of good Portland cement should not exceed 3.4 per cent.” 


The following table illustrates this contention : 


Coment A. Cement B. . Cement C, 
Conditions, | , 
Speeitie | Los on | Specific | Loss on | Specific | Loss on 
gravity. ignition. | gravity. ignition. | gravity. | ignition. 
Not quite fritted _ | £9 sof за татр 20| 53 
Stightly fritted .. 3.105 0.66 |  &15| 059 
Strongly fritted _. | s$15| 07| $1] 019 


Very strongly fritted. 
Overburned 


Sabin * remarks “that the determination of water and СО, may give some idea 
of the deterioration of a cement on storage. М. Candlot considers that in the case 
of Portland cement a loss on ignition (water and CO,) exceeding 3 per cent indi- 
cates that the cement bas undergone sufficient alteration appreciably to diminish 
its strength. Spalding” affirms that “if the quantity of CO, be large, it indicates 
cither that the burning has been incomplete or that the lime has become car- 
bonated by subsequent exposure, The energy: of thé lime is thus diminished, the 
portion of lime in combination with CO, being inert.” 


While we have not enough data to cover every instance and to formulate 
this as a general rule, it has been our experience that the absorption of 
carbonic acid and water decreases the tensile strength of every sound 


= Soc, Chem. Industry (1894), 13, 252. Ztschr. Anal. Chem, (1893), 32, 433, 
445, 

7 Sabin, Louis Carlton: Abi, 34. 

= Ibid, 4. 
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Portland cement, even though it does not develop quick-sctting properties 
by this exposure. Table XXIV gives a typical example: - 

Tarik XXIV. January 22, 1907%—morlar, I to 3. 


[Specific gravity, 3.11.) 


| оны 
^ f bri- 
Tday. | 2day. | Matten 
i | broken. 
Average 171 27 22 
Iighest 195 | 2 12 


This same cement stored in coarse canvas cloth bags, twenty days and 
three months longer, gave the following results: 


[Spceifie gravity, 3.03 after 8 months.] 


Number 


жй of bri- 
тану. | 28-day.) детн 
broken, 
After 20 days: 
ит 212 m 
105 230 m 
Average. 235 200 16 
Highest _ 


From the nature of things this loss in tensile strength is not difficult 
to explain. It is generally understood that all cements are improved by 
storage, but it has been proved that this is only true of those cements 
which are either too high in lime or underburned. Aération renders 
part of the excess or free lime inert because of the formation of the 
carbonate of calcium and also slakes some of it by the absorption of 
water. Thus, the cause of unsoundness is removed in time, and the 
cement is gradually improved in this respect. But “the higher in lime ` 
a cement is the greater its strength is known io be if thoroughly 

. burned," ® and “the maximum of lime is usually controlled by the 
soundness tests.”*° "Therefore, if a cement is sound it docs not contain 
excess or free lime and the carbonization of the lime in a sound cement 
should reduce its tensile strength, as it lowers the percentage of active 
lime, the carbonate of calcium being inert. 

With all duc respect for the great value of Meade’s work, we take 
exception to a portion of his assertions relative to the specific gravity. 


= Eng. News (1005), 53, 84. 
? Chem. Eng. (1907), 5, 343. 
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Among other conclusions he states ? “that low specifie gravity is usually 
caused by seasoning of the cement or of the clinker, either of which 
improves the product. * * * Underburned cement is readily and 
promptly detected by the soundness tests and no others are needed for 
this purpose. * * * That the requirements of specific gravity should 
be omitted,” 

Underburning is readily detected by the soundness test, only when 
the cement is fresh. Seasoning of underburned cement may eliminate 
the causes of its unsoundness. Mcade himself states in this same refer- 
ence that an underburned cement which, when freshly made, failed to 
stand a 5-hour steam test without complete disintegration, after one 
month's seasoning stood 5-hour steam and boiling tests perfectly. ‘The 
greater part of the cement received at this laboratory for commercial 
testing has been seasoned for a greater or less length of time, therefore 
the soundness tests аге not Hable to detect underburning in most instances. 

Cement raw material, high in alumina, fuses so readily that it is 
difficult to control its burning, and as a result almost all high alumina 
cements vary considerably. It is also very difficult to detect the relative 
degrees of burning which the commercial, high-alumina cements have 
undergone and it is only possible to do so by taking into consideration 
many of the physical properties of the material. It has been observed 
that a brown shade,** a low specific gravity," a high loss on ignition, 

~ the presence of blotches ** between the soundness pat and the glass plate, 
a high, insoluble residue and a generally erratic behavior of a cement, 
exist simultaneously with a relative increase in the rate of carbonic acid 
and water absorption, These are all regarded as signs of underburning, 
and a study of all of them gives the only indications of the relative 
degree of burning of seasoned, high-alumina cements that we have been 
able to recognize. 

Meade’s statement that scasoning of the clinker improves a cement is 
also open to discussion. Some cements are improved by this procedure, 
but many others are not. Instances are on record where seasoning 
induced quick setting and low tensile strength, even when calcium 
sulphate was present. Meade admits “that cements should contain at 
least 2.5 times as much silica as alumina. Cements containing less than 
this amount of silica are apt to be quick setting, or clse to become quick 
setting on exposure to air.” f 

It is hardly necessary to state that we do not think that the require- 
ments of specific gravity should be omitted from specifications. This 


ій, 6, 19. 

= Sabin, Louis Carlton: lbid. 36. 

= Soc. Chem. Industry (1894), 13, 235. 
* Taylor and Thompson: Ibid., 101-107. 
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test is of great value under certain conditions. Every good Portland 
cement will meet its requirements before or after ignition, and therefore 
its determination imposes no unjust or partial test. 

Determination of the specific gravity will be valueless unless the effects 
of aöration are guarded against, as the exposure of the small quantity 
of cement necessary for this test enables the action of the atmosphere 
to alter its composition very much in a short time and во to reduce its 
specific gravity accordingly. 

it is the practice of this laboratory to take the cement for the specific 
gravity determination from the sample at the same time that the material 
for the other tests is taken. It is then dried at 110° for thirty minutes 
and immediately put into small, glass bottles which are tightly corked 
until the cement has cooled ; it is only used after this procedure. 

The difference between the specifie gravities before and after ignition 
indicates the amount of volatile constitnents present in the cement, but 
when it is desired to know only the amount of carbonic acid and combined 
water which has been absorbed, the loss on ignition affords a much 
simpler and a more accurate test. 


CLIMATIO INFLUENCES. 


Local, tropieal, climatic, conditions must necessarily have an influence 
upon cement and cement testing. In the tropies, all work is done 
practically in the open air, being protected only from the direct rays of 
the sun. The climatic conditions under which cement tests or commercial 
work are undertaken coincide very closely with the meteorologic obser- 
vations which are given in the following table for the year: 


Taere XXVI.—Summary of meteorologie observations taken at Manila, P. L, 
situated on ihe west coast of the Island of Luzon. 


Temperature. Aver- 
ЖА Mean | Aver- | ние | Mean 
Month, — pelete, awe | num | cloud- 
Mean. Maximmm, | Minimum. | ity. | fal | ray | Ines. 
a Я y 
ec. | ор, | ec. | er er. | Рег. | Tn. 
January 25 i3 83.9 93 16.7 62 78 1.19 
2:5] 78) 35.6) 98) 161) м "| см 
2.6) s| e| 96) i2] м ov] ун 
%з| в] 372) | aso} | m] rau 
w| | ans) mar ajf 7i az 
27.83 ою! 1) 97| лл) п| m o6z 
тз) als w| aal т. s| 1457 
па e| aaj of) wel б] в 1387 
6|- xo) saf s| л 70| ^ sa] 14,3 
26.6 80| 35 95| 206 o s| ты 
November. æa] a] ssj j s| ej se] вы 
Deeeniber % т|оззз| mi 156] soj sl 2 


»“The climate of Manila is hot and moist during the greater part of the year, During the spring 
months itis dry, The afternoon temperature of the hottest portion of the year is modified by the 
northeast trade winds that prevail at that season.” Brewer, Isaac W.: Personal Hygiene in Trop- 
deal and Semi-Tropical Countries (1908), 119. 
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All the requirements of standard American cement specifications are 
based. upon cement action characteristic of a colder climate. It would 
be possible, of course, to manipulate the cement testing itself in tropical 
countries at the temperature limits specified in American standards; 
but this could only be done at great inconvenience and at a large expense 
and furthermore it would not be practical, as the results of tests so 
conducted would not be true criteria of the behavior and value of the 
cement when used in construction work. ^ The allowanees and require- 
ments due to the effect of the relative difference in temperature between 
temperate and tropical climates should therefore be taken into account 
in local cement specifications. 

During the past year this laboratory has received a number of letters 
upon this subject from manufacturers, engineers, contractors, testers 
and other cement workers. These either request information or make 
statements regarding the influence of local elimatie conditions upon 
various phases of cement action and manipulation. A diversity of opin- 
ion has been expressed in regard ‘to the effect of these influences by 
men familiar with cement work, and probably this is due to the fact 
that Portland cement is a very variable product and therefore local 
conditions which would improve the quality of one brand would injure 
another, and vice versa, and during the past year our cndeavor has been 
to secure à sufficient number of results with various brands of cement to 
throw some light on the effect produced by this climate on the tests. 

Careful cement testing with due consideration of all conditions is of 
the greatest importance in a country such as this, where much of the 
material comes a long distance by sea, and where the rejection of a 
shipment means а proportionately greater loss to the dealer, owing to 
the cost of transportation, and also to the engineer, as construction work 
may be delayed. On the other hand, construction work is very expensive 
in this Arehipelago and therefore a, rigid interpretation of specifications 
js necessary to provide against all possibility of the use of dangerous 
cement, н 

Contrary to the general belief, the difference. between local climatic 
conditions and those of the temperate climates exerts very little influence 
upon the usual standard Portland cement tests themselves. Provided 
ihe cement is of good quality the warmer temperature prevailing here 
usually tends to give higher results. Of course, the fineness is not 
affected by it, and the speci fie-gravity determination is made independ- 

‘ently of the surrounding temperature. The “accelerated soundness” 
tests’ especially, are benefited, as the cement docs not suffer as great а 
change in temperature; and hence expansion and warping is not so 
marked. Climatie conditions improve the characteristics of carly tensile 
strength of most cements, as the variation in temperature from day to 
day and from hour to hour is only slight, the temperature of the water 
bath is higher than in cold climates, and the temperature during gauging - 
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is also higher; these are all factors conducive to the development of high 
early strength? Comparative tests of both sand and neat briquettes 
made and preserved in the cold-storage room (17? to 21° C.) and also 
in the laboratory (26° to 30° С.) gave almost without exception Jower 
results, from 3 to 10 per cent, at the lower temperature. The briquettes 
broke more uniformly when made at the colder temperature. The ditfer- 
ence between the strength developed under both conditions was always 
slight and within the limits of pergonal error. 

However, ће relatively high temperature of this climate will seriously 
effect the setting properties of some Portland cements. ‘This is illustrated 
by Tables XV and ХҮР (pp. 15% and 153). Fortunately, the setting 
properties of the majority of cements are only slightly influenced by this 
difference in temperature (‘Tables XIV and XVII). It is the experienc 
of this laboratory that high alumina cements develop setting qualities 
characteristic of class 2 (‘Tables XV and NVI); further experimented 

- work is necessary to determine whether this phenomenon holds true only 
with this class. When comparatively fresh, high-alumina cements set 
slowly at both temperatures (Table XIV), additional seasoning renders 
them slow setting at first at 17° to 21°, bnt quick setting at 29° to 31°, 
and finally quick setting at both temperatures, 

The development of quick setting is marked by other peculiar char- 
acteristics. When the absorption of carbonic acid and combined water 
has progressed sufficiently, no practical amount of water which can he 
added will retard the rapidity of setting or eliminate the carly generation 
of much heat, but in the earlier stages of seasoning a variation of as 
little as 0.5 per cent of water in mixing may produce a most remarkable 
difference in the time of the initial and final sets. This is shown by 
the following table: 5% 


Taere XXV.—Showing the effect of varying amounts of water on the time of 
selting, 


Sample No. | Water. Condition, Jnitiat| Final 


set. set, 


Becomes dry and noncohesive; heatsup6? in 4 minutes} (а) e 


Just plastic enongh to mold, 1| 1 Jo 
110| 2 2» 

70| 1 10 

130| 2 25 

15 30 


“Impossible. 


® Annual Report Chief of Engineers, U, S. A. (1804), 934. Sabin, Louis 
Carlton; Cement and Cenerete, New York (1905), 119-120. Alexandre, Paul: 
Recherches Experimentales sur les Mortiers Hydrauliques. 

“See also Table "ХУП of this paper. 
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‘The samples were well mixed and sereened before testing; iroweling was done 
аз uniformly as possible for exactly five minutes; the atmospheric and mois 
closet exposure was the same in all eases, except that there was a gradual change 
in temperature from 27? at 8 a. m. to 20° at 2 p. m. 

After troweliug sample F5-1 with 21 per cent of water for about four minuten, 

it suddenly became hot and dry, erumbling apart. No amount of patting would 
cause the cement to stick together sufficiently to form a pat. 
- The same result was observed on repeating the operation, and a thermometer 
placed in the mass rose 6° in four minutes. IIowever, upon adding 22 per cent of 
water to the same cement no rise in temperature was observed during iroweling; 
the resulting paste was sufficiently plastic to be easily molded into a pat; and 
the needle used for the initial set’ when first applied, sank about one-eighth of 
an inch. However, five minutes after (he pat was placed in the moist-air closet, 
it began to heat and 10 dry slightly, the initial set taking place in fifteen minutes, 
This experiment was repeated with similar results. Twenty-three per cent of 
water was then used. Тһе plastie paste, when formed into a pat, acted normally 
in every way and gave a satisfactory setting time. 

The results obtained with sample F5-3 and F5-5 were practically identical. 
In the ense of the latter, the excess percentage of water was reduced by 0.5 per 
cent to determine if possible the minimum quantity necessary to effect so 
profound a change. i 


Two important facts become evident from the above data, namely, that 
both the plasticity and setting time of a cement, such as was being tested, 
are much affected after а certain quantity of water has been added by 
the subsequent addition of even very small amounts of the solvent.** 

We are not prepared to discuss fully these results at the present time, 
but their analogy to the phenomenon of the crystallization of certain 
salts from solution is striking. Many salts have a critical solution 
factor. Under slow evaporation they will remain in solution until a 
certain limiting percentage of the solvent has been reached, when the 
salt will crystallize almost instantly, heat being generated during the 
separation. A cement; the setting properties of which are so profoundly 
affected by the addition of even small quantities of water, may be said 
to have a critical solution (or hydration) point. We would hesitate to 
decide whether such a cement deserves to be approved. If tested accord- 
ing to the United Statcs Army specifications it would fail to pass the 
setting test, but under those of the American Society the normal plasticity 
method will give it sufficient water to cause it to set slowly. 

An engineer in these Islands related an experience illustrating the 
practical importance of this problem. The ‘mortar, after mixing, was 
dumped into a car and transported to its destination by rail-in five 
minutes. Working with a large shipment of this cement no difficulty 
was experienced for some time, but finally when one earload. reached its 


- This same phenomenon is less delicately shown in fig. 19 of Taylor and 
Thompson “Concrete, Plain and Reinforced.” It will be noticed that Portland 
cement © (without gypsum) reached its final set even in less than thirty 
minutes with 20 per cent of water. With- 25 per eent of water the initial sot 
took oue hour and thirty minutes and the final set five hours. ^ 
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destination the cement had set so hard that it was removed from the саг 
only with much difficulty. He attributed this change to the variability 
of the cement, but we are inclined to believe that the water added ‚was 
.just sufficient to bring the cement to the critical solution or hydration 
point and that a bucket or во of water less than was usually employed, 
was used in mixing, and quick setting was the result. 

Portland. cement is most affected hy local climatic conditions before 
and not after it is gauged. Iligh temperature and the alternating humid 
and dry atmosphere are conditions under which hydration and carboniza- 
tion are accelerated. Im consequence, the majority of commercial prod- 
ucts must be especially prepared to withstand tropical climates. Portland 
cement is very susceptible to. changes under these conditions, and it 
is therefore essential to the best practice that eement intended for use 
in the tropics should develop no dangerous properties by the absorption 
of water and carbonic acid in normal quantities. The cement problem 
of tropical countries depends for its solution upon the characteristics of 
.Portland cement; and our efforts have been to determine what class of 
cements are least injuriously affected by exposure and seasoning, 

We believe that high-alumina cements are least efficient for use in 
tropical climates, although they have one laudable feature in that they 
never show the slightest inclination toward warping or disintegrating. 
Air, steam and boiling tests always develop perfect soundness. ‘This is 
probably due to the fact that aluminous raw material fuses very readily 
at a comparatively low heat. “Lime burned at a high heat slakes much 
more slowly, and is therefore more likely to be injurious than when 
burned at a low temperature.” 3% 

Aluminous cements gain most of their strength very qui “The aluminates 
are thought to contribute little to the final strength of the mortar, as they are 
not permanent compounds, but are acted upon by various sults with which they 
are likely to come in contact in the work. For this reason they are not adapted 
for work exposed to the action of air and sea water.” ® “The aluminate acts in 
а very energetic manner upon the set, but very little upon the hardening which 
is caused by the silicate of lime,” ® Also “from the character of the silicates and 

it is evident that the latter are acted upon more quickly and rapidly 
cates, and it is to the crystallization of the lime from the aluminates 


that the initial set must be contributed. Subsequent hardening must be due to 
the liberation of lime from the silicates.” 


In conformity with these quotations, it has been our experience with 
cements of this nature that the 7- to 28-day gain is small; that 
satisfactory 7-day breaks do not insure satisfactory 28-day strength; 
that 7-day strength may be even greater than 28-day; that little gain 


+ "Spalding, Frederick C.: Jbid., 73. ; 
4 = Ibid, 54. 

“Thid, 58. 

* Clifford, Richardson: Eng, News (1905), 53, 094; 
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in strength takes place after twenty-eight days and instances are ол 
record where the strength of the briquettes weakened after three months. 
The fifty samples illustrated in diagrams numbered 1 and 2: show only 
an average gain (seven to twenty-eight days) by the testers, of 16.45 
per cent for neat and 48.9 per cent for sand briquettes, whereas the 
increase desired by {һе Army specifications is at least 20 and 57 per 
cent, respectively (‘Table I). “Cement giving high early strength is to 
be relied upon only in во far as it has been shown by experience that it 
is capable of maintaining such strength.” *? 

"The fact that the early strength of this class of cement can not always 
be relied upon is probably due to its nonuniformity in burning. Owing 
to the fusibility of the calcium aluminate, which causes balling-up and 
sticking together in the hot zone of the kiln,* thus preventing uniform 
burning, cements high in alumina are apt to be very erratic in the 
stability of their compounds, As a result the rapidity with which they 
unite with water and carbonie acid when exposed to the atmosphere 
varies. The relative rapidity of the absorption of carbon dioxide and 
water by eements under similar conditions would therefore indicate the 
relative degree of low burning. 

The most important characteristic of a high-alumina cement and the 
one that needs the most consideration is its susceptibility to become quick 
setting by exposure to the air. It has been our universal experience 
that Portland cements of this class containing more than 8.5 per cent of 
alumina always gave satisfactory results if they are tested before they 
have combined with more than 2 per cent of water and carbonic acid; 
and that when they had combined with more than 3 pcr cent of volatile 
constituents they failed to meet the setting and tensile strength require- 
ments. 

It would seem as if there is something radically wrong with a cement 
that will not withstand atmospheric exposure to such a slight extent 
without developing dangerous properties, and such a cement should be 
rejected for use, ' especially in this climate. A typical example, sample 
No. 8 as recorded in Tables VII and VITI, will suffice to illustrate this. 

It is difficult perhaps to realize why such a slight difference in volatile 
constituents should so change the quality of a cement; and that the same 
cement which at first set in one hour and thirty minutes (loss on igni- 
tion=2.63 per cent) should, after a little more aération develop such 
rapid setting properties, and set in twenty-three minutes (loss on igni- 
tion=3.92 per cent). 

"The combination of Portland cement with water and carbonic acid 
absorbed from the air is represented for all purposes of discussion by the 


“Spalding, Frederick C.: Ibid., 88. 
* Mende: Chem; Eng, (1907), 5, 345. 


182 > REIBLING AND SALINGER. 


quantity of waler necessary to slake the lime, if all were present ав 
calcium oxide, and to combine with the slaked lime to form calcium 
carbonate, regardless of any intermeđiate reaction on other compounds 
which might be present. This change can therefore be represented by 
the following equations: 
Ca0+IL,0=Ca(OH), 
Ca(OH),--CO,=CaCO,-+-11,0 . 
or, 
Ca0+00,=CaC0, 

and therefore, 1 part by weight of water will unite with 3.1 parts of lime 
to form 4.1 parts of slaked lime, and one part of carbon dioxide will 
unite with 1.5 parts of lime to form 2.27 parts of caleium carbonate. 

From the above equations it is very apparent how an otherwise un- 
sound cement is improved by the absorption of 3 or 4 per eent of waler 
and carbonic acid, Excess of free lime causes the unsoundness and the 
more of this lime which is slaked or rendered inert before gauging the 
cement, the sounder the resulting product will be. ‘The calcium silicates 
being much more stable compounds than the calcium aluminates, the 
latter would be acted upon first by climatic influences. The addition 
of lime or slaked lime to а cement retards the setiing, and from the 
nature of the reaction, quicklime would retard the setting more than 
slaked lime. The natural tendency then of the lime is to off-set the 
quick setting properties of the aluminates, Other conditions being the 
same, anything which tends to reduce the activity of the lime in a slow- 
setting, sound cement, will increase the rate of its setting. The ignited 
cement of sample No. 8 had the following composition : 


Per cent. 
Siliea (Si0,) 20.5 
Alumina (A1,0,) 86 
Iron oxide (Ее,0,) 2.8 
Lime (СаО) 65.4 
Magnesia (MgO) "2.3 
Sulphurie acid (80,) 04 


"Table VIII shows that Ше cement from the bag had absorbed 0.50 per 
cent more earbonie acid and 0.79 per cent more combined water than 
that in the can. It therefore contained (equation 3) 1.13 more inert 
calcium carbonate and 3.24 per cent (equation 1) more slaked lime; 
or 0.75 per cent (equation 3) of {һе lime present in the raw material 
had been rendered inert, and 2.45 per cent had been slaked by the 
additional absorption of combined water and carbonic acid by the samo 
cement stored iu the bag. 

The lime in. combination with silica must be left out of this considera- 
tion as the silicates of calcium exert practically no influence upon the 
initial setting properties of the coment. The entire loss in active. lime 
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affected the equilibrium maintained in the early setting properties by the 
opposing forces of the aluminates and the lime not in combination with 
silica. Therefore, a loss in. the activity of this lime representing 0.75 per 
cent of the total cement of sample number 8 affects this equilibrium to a 
degree many times greater than if the silicates would need to bo taken 
into consideration. ^ 

Synthetie experiments also show this same phenomenon, “If much more than 
10 per cent alumina is present the cement is almost sure to be quick setting 
even with the addition of sulphates.” * “When cement treated with sulphate of 


lime has regained quick set, it may again be made slow set by addition of a 
small quantity of lime.” © 


Our belief that this cement is not of good quality is also supported by 
universal experience. We have already stated that this class of coments 
gives satisfactory tests when the samples are comparatively fresh, but fails 
to do so after seasoning. It will be noted that the percentage of alumina 
and silica in sample number 8 satisfies the limiis of R. К. Meade’s formula 
for “freshly made American Portland cements which pass standard spec- 
ifications for soundness, setting time, and tensile strength,” ** namely: 


Per cent. 
Silica 20-24 
Alumina 5-9 
Tron oxide 2-4 
Lime 00-63.5 
Sulphur trioxide 1-2 


. However, they do not fall within the limits of Le Chatelier’s formula 
for “the limits of the amount of material usually present in good com- 
mercial. (therefore seasoned) Portland cement, that is: 


-Per cent. 
Silica 21.0-24 
Alumina 6-8 
Iron oxide 2-4 
Lime 60 -65 
Magnesia 05- 2 
Sulphur trioxide 05- 1.5 
Water and carbonie acid 1-8 


The percentage of sulphur trioxide is also lower than that given by 
both authors; and the loss on ignition is greater tban that given by the 
formula which considers it. 

Furthermore, Meade states that “cements should contain at least 2.5 
times as much silica as alumina. Cements containing less than this’ 
amount are apt to be quick setting or else to become quick actting on 


“Meade: Chem. Eng. (1907), 5, 345. 
= Ibid., 949. 

“The Опет. Eng. (1907), 5, 349. 

я Frans, Am, Inst. Min, Eng. (1893). 
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exposure to air.” Sample number 8 contained 2.38 times as much silica 
as alumina, and its actions supports Meade’s conelusion. 

Qements which contain less alumina and more silica than sample 
number 8 withstand exposure much better. АП of the five different 
cements recorded in Table XXVI below, failed in setting time and 
tensile strength when their seasoning had progressed as indicated by 
the “loss on ignition" column. However, number 5 withstood aération 
the best. It was only after it had stood exposed to the air for a very 
long time and had united with 6.36 per cent of water and carbonic aci 
that it failed. 

Tasir XXVI. 


Constituent, Cement 1. | Cement 2. | Cement 3. | Cement 4. jenen 5, Gament 
| Per cent, | Percent, | Per есть. | Per cent, | Per cent, | Per cent, 
Silien (810g)... 20.65] — 20.50] — 22.0 20.52} 21.28 | 229 
Alumina (41,04) 8.57 ве 8.9 атр 6.95 1.8 
Iron oxide (Fe, 3.07 3.01 3.0 2.65 з $5 
Lime (СаО) Т 61.88 61.80 59.9 61.30 61.08 65.7 
Magnesia (MgO) : 2.98 1.96 0.21 9.2 
Moisture ( 941 0,58 9.72 
Loss on ignition (water and 247 4.33 6.36 
атоме acid). 

Sulphuric aeid (£03) 6.51 0.46 117 1.26 
Сањоліе acid (COs) 0.78 3.04 4.86 |... 


Seven and 28 day mortar briquettes (1 to 3), as the seasoning of the 
‘cement, progressed, gave the following tests of tensile strength: 


к m 28-дау. 
| 236 s» | 
187 щт 
172 2» | 6% 


Contrary to this behavior, number 4 gave the worst results and a very 
plastic paste made from it set in fifteen minutos with a rise in temperature 
from 29° to 38°.5 C. Cements numbered 1 and 2 showed only 2.47 
and 2.76 per cent loss on ignition respectively and yet they were quick 
setting: . | 

By further investigations of this nature we hope to prove what brands 
of Portland cement in particular are best suited to withstand tropical 
climatic influences best. At present we feel justified in drawing the 
following conclusions as being conducive to the best results and practice 
for all cement operations in this and similar rogions. 
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CONCLUSIONS. 


1. We believe that the composition of Portland cement best adapted 
ir use in tropical climate should be within the following limits: 


$ Рег сещ. 
Silica 22 -24 
Alumina 5-7 
Lime i 62-05 — 
Magnesia. 0.0- 4 
Sulphur trioxide 10-2 
Water and carbonic acid 05-3 


2. “Soundness” in accelerated tests deserve special attention here, 
because of the provailing high temperature. Perfect soundness is espe- 
cially important for conerete works which are exposed to the intense 
= of a tropical sun. te 

3. “Underburning” is fatal to the efficiency of Portland“ cement to be 
used i in the Tropics, ав the unstable compounds во formed are most easily 
attacked and decomposed by the energetic atmospheric influences. 

4. All “sound” cements should be protected from additional aëration 
as much as is practicable, as otherwise quick setting or low tensile 
strength is liable to be developed. 

5. Sound and well-burned cements, high in silica and low in alümina 
will withstand climatic influences best both before and after gauging. 

6. High alumina cements give fairly satisfactory results if they are 
used before they develop quick setting. Quick setting is sure to develop 
in such cements if they are exposed to the air for any considerable length 
of time. 

T. Samples sent to the testing laboratory should be preserved in pack- 
ages which thoroughly protect the cement from the atmosphere. No 
accurate results consistent with the quality of the cement as it exists in 
the barrel at the time of sampling will otherwise be possible. Setting 
tests made at the laboratory before and after exposure should be insisted 
upon, and if quick setting develops by this additional seasoning the 
cement should be rejected, 

This work will be continued and our effort will be to secure samples of 
as many grades of cement as is possible, in order more thoroughly to test 
the soundness of these conclusions. 


EDITORIAL. 


PERIDINIUM: 


For a number of years the Bureau of Health has received many com- 
plaints from the residents of Bataan Province to the effect that the 
dumpings from the sanitary barge Pluto caused a great mortality among ' 
the fish along the shores of that provinee. An investigation into the 

- matter, conducted by Deputy Commissioner Н. M. Smith of the United 
‘ States Fish Commission steamer Albatross, proved that the mortality 
among fish is in no way connected with the Pluto but is due to visitations 
of Peridinium in Manila Bay. The following is taken from a report on 
this subject by Dr. Smith: " 

There have been at least three visitations of Peridinium in Manila 
Bay during the current year, a noteworthy one occurring in the latter 
part of January. "The discoloration of the water at that time was ob- 
served about the 234 of the month, and inercased in intensity until the 
26th or 27th, after which it rapidly diminished and practically disap- 
peared from the head of the bay by the 31st. Another visitation was 
observed during the third week in March but was less extensive than the 
foregoing. E 

Whenever Peridinium has invaded Manila Bay, the water over large 
areas has been made turbid by minute protozoa, and at a distance has 
the peculiar pale reddish color charaeteristie of such invasions. When 
the water was viewed over the side of the Albatross, another color was 
seen; and a very pronounced iron-rust tinge was observed when the 
animals were closely packed. 'Тһе rusiy color was found {о be due to 
contained chlorophyl. At times, dense masses of Peridinium floated past 
the Albatross in wavy bands several yards wide and hundreds of feet long. 

During the prevalence of these invasions, the bay is unusually phos- 
phorescent, and tests show that the Peridinium is the chief cause of the 
luminosity. A tumblerful of water taken at night alongside the Albaiross, 
and found to be thick with the organisms to the exclusion of all other 
ereatures, glowed brightly with a blue light when carried іо a dark room 
and agitated. 

Whenever -Peridinium has appeared in the bay, there has been a re- 
markable scarcity of other forms of animal life. The dense schools of 
small fish (Atherina and others) which are nearly always present in the 
surface waters of the bay, and are so conspicuous about the wharves and 
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vessels, disappear completely, and with them the larger fishes that prey 
thereon. For a number of days not a living thing of microscopic size 
can be seen at the surface of the water, and fish-eating birds also dis- 
appear. As the amount of Peridinium diminished, the small fishes grad- 
ually reappear in the open waters (coming either from the bottom or 
from places where streams enter the bay and render the water unsuitable 
for the protozoän). ‘The gulls and terns also return. Finally, when 
the creatures have practically withdrawn, the small fish reappear in 
myriads. 

A small, salt-water aquarium on the Albatross, containing a number of 
different kinds of fishes and mollusks from points south of Manila, was 
in a very flourishing condition when the ship entered the bay one 
morning several weeks ago, but the same night nearly all the fishes and 
mollusks were killed, and examination showed myriads of the Peridintum 
on the gills, ete. The few fishes that survived were rapidly succumbing, ` 
until the water supplying the aquarium was strained through a fine- 
meshed bolting cloth, thus eliminating the injurious organisms. Since 
then the fishes have been quite healthy. 

During the prevalence of this pest, the Manila markets contain much 
less fish than normally, and many stalls are entirely vacant. Inquiries 
among the fishermen show that there is a decided falling off in the catch 
and that some dead fish are reported in the bactods. The injury done 
to the fish, however, appears to be much less than might be expected, 
the known mortality among aquatic creatures being so small as to afford 
a noteworthy contrast to the ravages of Peridinium in America and Japan. 


AN ACCOUNT OF A HUMAN SACRIFICE HELD BY THE 
BAGOBOS, DISTRICT OF DAVAO, MINDANAO, Р. 1. 


A geological reconnaissance of the Island of Mindanao and the Sulu 
Group was begun by the division of mines of this Bureau in September, 
1907. The scientific work was under the direction of W. D. Smith 2 
the military eseort which was necessary throughout most of the work 
was commanded by Lieut. Charles 8. Caffery, Second Infantry, United 
States Army. One part of this work consisted in an expedition. from 
Kotabato to Davao, a distance of over 200 miles, 90 of which were covered 
by a sternwheel boat plying up the Rio Grande, or Pulangi, River, from 
where the party traveled overland-across the Matutan and Apo Ranges 
io Davao Gulf. "This party formed the second expedition of white met 
to make this entire trip. 

The region west of the divide is inhabited by Moros, Mohammedan 
tribes in a semipacified state, and Manobos and several other pagan groups 
live in the region on the east of the divide. Several tribes or subtribes 
are to be found on the slopes of Mount Apo, among which may be men- 
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tioned the Atas, Giangas, Bagobos and the Kalagans. Several Amer- 
icans and Spaniards have visited the people around Davao Gulf and have 
studied their ethnology. The Jesuits devoted themselves for many years 
to missionary work in Mindanao and much of scientific value was ac- 
complished by this learned and able body of men. Mr. Frederick Sawyer 
has gleaned more or less scattered information from their “letters” which 
he has included in his book “The, Inhabitants of the Philippines,”? in 
which he merely refers to human sacrifices without giving any of the 
details, and these references are to sacrifices held only among the Giangas 
and Tagakaolos. Blumentritt? says even less about the Bagobos, and 
furthermore, he never saw any of the people of the Philippines about 
whom he wrote. No work has yet been carried on among these peoples 
by the division of ethnology of this Bureau and as it may be some time 
before any attempt will be made to study them, I have obtained permis- 
sion from the chief of that division to contribute some interesting data 
regarding some of their customs. 

We encountered Bagobos along the route for several days after we 
reached the Matutan Range and some of them made the trip into Davao 
with us; when we made the ascent of Mount Apo we spent several nights 
in their villages and used the people for guides and carriers. The large 

` man in the center of the group, shown by Plate I, is Tongkaling, the chief 
of all these people, surrounded by some of his dependents. Tongkaling is 
a hcadman and wears the badge given him by the authorities of the Moro 
Province. Plate II is a view of the chief’s house. Although the Bagobos 
wage petty wars among themselves, they have caused little trouble for 
“Americans. Indeed, many of those nearer the coast work on the Ameri- 
can plantations and do fairly well. 

The men of this tribe present a better appearance than do the women, 
and in physique and features they surpass most of the other natives in the 
Archipelago whom I have seen, and I have scen many of the tribes. It 
is said that, like the ancient Spartans, they strangle at birth all deformed 
children. Their hempen garments are highly decorated with shell orna- 
ments and with Italian beads which they procure from the Chinese. They 
mark with some sort of design nearly every article they use, as can be 
seen hy examining the old chief’s shield and spear. The men are greatly 
addicted to the practice of tattooing; the women are not tattooed to any 
extent, but wear brass rings on their fingers, ears, necks, toes and ankles.* 

The agong, shown in the upper left-hand corner of Plate I, is known 
and used all over the Malay region. .I have scen one man play on as 
many as six of these at a time. It is the chief musical instrument in 


2 Sawyer, F. H.: Inhabitants of the Philippines, Charles Scribner’s Sons, New 
York (1900), 353. 

2Globus (1882), 42, 219-222; Globus (1897), 71, 19-20. 

з Anyone traveling in the Bagobo country will do well to lay in a stock of 
beads, brass wire and cheap jewelry. 
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these districts, is made of brass and is imported from Singapore. Agongs 
cost from 20 іо 50 pesos Philippine currency each and are the measure 
of а man’s wealth. "longkaling had forty of these hanging about in his 
house at the time I visited him. In addition to the agong, the Bagobos 
have a rude drum, not essentially different fro any other drum, a 
hamboo fiddle and a reed flute. The musie is exceedingly simple and 
monotonous. a 

The entire system of living among the Bagobos is feudal, and slavery 
is practiced among them. ‘The man shown in the extreme left in Plate I 
is a Bilan, and judging from the treatment received by him at the hands 
of the Bagobos, it is not hard to believe that he is a slave. ‘These people 
do most of their traveling on horseback, riding very sturdy little ponies, 
usually adorned with bells which they buy from the Chinese and which 
they also use to decorate their clothing and pouches. The Bagobos 
have been aptly termed “horse Indians.” 

It is not my intention to present here a complete account of this 
interesting people, as I have had neither the time to study them nor 
the necessary training as an ethnologist to enable me to do so. ILowever, 
I wish to give some interesting information which I obtained from 
Governor Allen Walker, of the district of Davao, relating to a most 
interesting tribal religious custom. The special event which I am about 
to relate took place the week before wo arrived in the town of Digos, but 
before presenting this account it may be well to give a few extracts from 
the Jesuit letters bearing on this religious custom. 

Mr. Christie, of the division of ethnology of this Burcau, in searching 
through the letters written hy the Jesuit missionaries in Mindanao, found’ 
references to human sacrifices. These references are in letters dated in 
the years 1885 and 1886. They have not bcen copied verbatim, but 
synopses are given. ‘Lhe first letter, that of Father Gisbert to the Father 
Superior, dated Davao, April 2, 1885, says, in subsiance: 

The Bagobos have been making more human sacrifices, notwithstanding their 
promises to the contrary and tho vigilance of the writer. A slave girl from Cauit 


mission, named Padal, was sold and sacrificed; also a pagan named Maguana. 
“Captain Atas” also made a sacrifice a short time ago. 


‘The second letter from the same father to the fathers and brothers at 
Veruela, dated Davao, January 4, 1886, contains the following interesting 
information: 


The Bagobos have two feasts a yenr, one before planting and the other after 
harvesting. The latter is innocent enough, and is known as the "women's feast.” 
All gather in the house of tho headınan late in the afternoon, where they eat ihe 
best to be had and drink a beverage of fermented sugar-eane juice. They also 
have instrumental music, singing and dancing, and the party usually breaks up 
abont morning 

The other feast is quite different, and though comic in some of its details, 
is in its principal part, tragic, eviminal and disgusting. "The tragie part comes 
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first; the people gather in some dense forest, taking all necessary precautions 
that the authorities and missionaries learn nothing of their doings or where- 
abouts. They take their victim, usually a slave, and tie him securely. Then, 
knives in hand they dance around him hacking him until he is dead. During 
this operation they shriek like maniacs, provided they are not too close to a 
Christian settlement, or otherwise likely to be discovered. If they think they are in 
danger of discovery they gag their victim, refraining from all noise, Then they 
retire to the headman’s house, earrying branches in their hands which they later 
place in a big joint of bamboo. This is the altar and is the only thing approaching 
an ornament about the place. Here they eat, drink, dance and play innocently 
enough. At this point an old man, usually the headman, assumes the principal 
part. Не sits by the altar, takes a glass of their wine in his hand, and, in 
company with his companions, addresses the “great devil,” whose feast they are 
all celebrating, as follows: 

"Darago, we celebrate this feast in your honor both willingly and joyfully, 

_ and we offer you the blood of the victim, together with this wine which we 
drink, so that you may be our friend and accompany us and assist us in our 
wars.” 

This being said, they recite a form of litany in which all the most noted 
Daragos known to them are mentioned, the whole assembly reciting these names 
in unison. 

The Bagobos believe in a future state, and hold that each person has two souls. 
God, or Fiquiame, is very good, they say, and he made all things, although it is 
true that he was assisted by some minor gods who are subject to his orđer. 
These minor gods ате Mamale, who made tho earth; Macacoret, who made the air; 
Demacolon, who made ihe mountain; and Macapongjuis, who made the waters. 
One of the two of each individual's souls goes to hell and the other to heaven; 
for they believe that the devil has to do with them in the next world as well 
as in this, and they give him about equal rights with God, They hold that the 

_ devil is very bad, likes blood, and is the cause of all disorder. Thus, they forget 
good and in all things serve and adore the devil. When a couple of rank marry, 
there is a human sacrifice to keep away sickness, ete, all of which calamities are 
attributed to the devil, When a contagious disease makes its appearance, or when 
there is fear of approaching death, a great gathering is held for the purpose of 
arranging a human sacrifice and praying to the devil to let them live in con- 
sideration of this generous offering. 

‘According to Bagobo customs, the proper time for a sacrifice is when a 
member of a family dies, and before the termination of the “Lalaoan” or mourning. 
At such a time a sacrifice is announeed much in the same way as Christians 
would proclaim a feast day or a pilgrimage. At the appointed time all assemble 
in a place agreed upon, or at least one person from each family in mourning. 
‘Their numbers frequently reach fifty or more persons, ‘There is then an assess- 
ment to cover the purchase price of a slave and he who pays the largest part is 
allowed to strike the first blow. Usually the victim eries out while he can and 
begs for mercy, but his voice is lost in the shrieking of his assassins who make 
one of the most horrible uproars imaginable. As hus been said, when a sacrifice 
is made near a Christian community there is no shouting and the vietim is gagged. 


The third letter from Father Gisbert to the fathers and brothers at 
Veruela, dated Davao, February 8, 1886, continues an account of Bagobo 
customs: - 


How did the writer of the foregoing letter acquire so exact a knowledge of 
Bagobo custom? True, he did not witness a human sacrifice; but the account 
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given by him in the preceding letter was furnished by baptized Bagobos and also 
by intended vietims that missionaries have rescued. К 

The Bagobos are very superstitious, and their customs are frequently very 
ridieulous, When one of them becomes possessed of an evil impulse (and the 
appearance of a snake in the house, the breaking of a pot on the fire, ete, is 
suflicient for this) he calls on his Matenon to liberate him from evil through his 
great knowledge. Watenon, the protector of the religion and customs of his 
forefathers, makes with his knife a doll in the form of а man; and then addressing 
God, says: "Oh God, creator of men, trees and all things, do not deprive us 
of life, but receive in place thereof this piece of wood which has our form.” 
This ceremonial over, they throw a sack into the water which contains a little rice 
or “morisquela”* (sometimes it contains the wooden doll also), and this is even 
accompanied occasionally by a cock. In this way the trouble is relieved. When 
they are sick they make offerings to the “Diuata” on their “tambora,” which 
consists of a plate placed on top of a piece óf bamboo set upright in the ground. 
On this plate are placed "buyo"* and tobacco, and then they. address God, 


saying: "We offer you this, give us health." When they visit the sick they ^ 
ying g Y 


bind wires around their wrists and ankles to keep the “limocod” or soul from 
escaping. And when one dies he must have his ration of riee to eat on the 
way. Upon gathering the harvest of rice or corn, the very first grains obtained 
are offered to the “Diuata” and they would not think of selling or otherwise 
using any of the erop for themselves until their field implements have been fed, 
for these have cleaned the field. 

The song, or ery, of the limacon® is for them the voice of Géd, and presages 
good or ill aecording to circumstances. Thus when the limacon cries out, all 
who hear it pause and look around. If, for example, they sec a fallen tree, 
the limacon tells them that they should not continue their journey for they 
will meet the same fate as the trees; whereupon they turn back. Should they 
mot behold anything that especially augurs ill, then the cry of the limacon has 
but assured them of the successful outcome of their journey, and they continue 
on their way. А sneeze is a bad augury, and when anyone sneezes at the 
beginning of в journey, the journey is postponed until the next day. 

Few thefts are committed among Bagobos, for they believe that a thief can 
easily be discovered through their wonderful “bongat.” This consists of two 
small joints of bamboo, containing mysterious powders. lle from whom some- 
thing has been stolen and who wishes to find ihe thief, takes a hen's egg, 
makes a hole in the shell and into this injects some of the mysterious powders 
already referred to and then places the egg in the fire. Should he desire 
the death of the thief, he has only to breal the egg. But, as frequently happens, 
the thief may be a relative or a person very dear to the operator; and so often- 
times the egg is not broken in order that a more happy solution may he had; 
for in any case when all methods save breaking the egg have been resorted to, and 
the latter is done, no matter where the thief may be, he will at once betray him- 
self by shouting “I am the thief, І am the thief!” And this is due to the sharp 
pains he is said to feel throughout his body. Once discovered, he ean be cured 
by placing some of the powder from the other joint in water and bathing his body 


* Cooked rice, 

* Buyo is composed of the fruit of the betelnut palm, locally known as bonga 
{Arcea catechu Linn.), the fresh leaves of Piper beile Linn., and lime, to which 
tobacco is sometimes added. It is extensively chewed by the natives of India 
and Malaya. 

®A small, brown pigeon, of the genus Phapitroron. 
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with it, This practice is very common among the pagans and Moros here. A 
converted Bagobo, named Anas, gave the writer п “bongat,” the possession of 
which eaused the former to be greatly feared while he was a pagan. 


In a fourth letter, dated Davao, July 26, 1886, the following informa- 
lion is given: 


The writer cites the case of one Maglandao (not a slave), who obtained a pair 
of earrings for which he could not pay; whereupon he agréed with the owner to 
work out the price, which was about 10 pesos. Some days later the owner of the 
earrings grew angry with him over some trivial matter and shot him, wounding 
him mortally. The offender was not & Bagobo, but hearing that the Dagobos 
were about to make a sacrifice, he sold them the dying man for fourteen cavans 
of rice. The purchasers were well pleased with the bargain, since they secured 
the victim cheap, as was also the other party to the transaction, for he had 
obtained sufficient rice to maintain himself for a year. The writer learned of this 
from a Bagobo who assisted at the sacrifice, and whom the writer baptized later. 
Both. pagans and Moros make a business of selling victims to Bagobos. When 
a certain governor of the district of Davao expressed his disgust at this practice, 
a Bagobo replied: "Is it not lawful to spend your money as you wish? Our 
slaves are the same аз money to us, and we dispose of them agrecably to our 
pleasure and customs." The writer holds them to be more barbarous than the 
Ammonites who sacrificed to Saturn; for these made sacrifices only at a certain 
period of the year, while the Bagobos make them continuously? Every rancheria 
has its feasts in honor of the devil every year. He is known as Busao, Manda- 
ragan, Darago, and by many other names, When a feast is to be held in his 
honor, there ia a gathering in the house of the headman where all eat, drink, 
sing and dance very gaily; and the only objectionable feature of the occasion 
that one can see is the drunkenness commonly attendant on such occasions. 
They pass around their liquor, inviting one another to drink, and finally calling 
upon the master of the feast for a speech, they drink to the great Darago, 
promising to follow and honor him always, and like their forefathers, give him 
plenty of human blood to drink to secure his friendship and assistance in their 
wars. The inexperienced observer, who does not understand their language, sees 
nothing surprising in this; while he who knows something of the Bagobos will at 
once recognize the proof of the previous day's sacrifice namely the branches placed 
jn the joint of bamboo before which the master of ceremonies invokes the Darago, 
for these tell the story. 

When a contagious disease makes its appearance, or when a relative dies, they 
interpret this to mean that the Darago wants more vietims, and immediately 
take steps to appease him and thereby save themselves from death. At the 
moment of sacrificing they. say, “Aoaton mo ian dipanoc ini Manobo, timbac 
dipanoe co, so canac man sapi," which means “Receive thou the blood of this 
slave as if it were my blood, for I have bought it to offer it to thee.” These 
words they pronounce while slashing tho victim with their knives. As the great 
devil feeds continuously on human victims, these sacrifices must be numerous. 


The following is taken from the Historia de Mindanao y Jolo, by Р. 
Francisco Combes, S. J., pages 63 and 64: 

The Bagobos, of a pure Indonesian race, are firmly planted on the smaller 
ridges of the southeast of Apo and have, therefore, as neighbors the Guiangas, the 


7 This is contradicted in Governor Walker’s report. See p. 195. 
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Atas and the Calaganes. Moreover, they practice the barbarous customs of 
human sacrifices, are bold, warlike and given to drunkenness; almost all of them 
are of fine presence, for they immediately strangle deformed ones at birth. There 
are more than 12,000 of them, of whom in 1887 some 800 had been baptized: 


Montano and Sehadenberg, and-the Jesuit Fathers Gisbert and Doyle, 
have made especial studies of the Bagobos. Since the year 1886 only 
one report of a sacrifice has been recorded. It is referred to, but with 
no details, by Sawyer. Every detail of the following story was thoroughly 
investigated and is vouched for hy Governor Walker and Captain Plattka, 
senior Constabulary inspector of the district, and I have been furnished 
signed copies of their reports by General Bliss, governor of the Moro 
Provinee, with his permission to publish the facts. The event was the 
offering of a human sacrifice to the god of evil. The place was Talon 
and the date December 9, 1907. 1 give Governor Walker's report almost 
in its entirety, omitting only the names of the participants: 


In addition to a pencil report made under date of December 20, 1007, regard- 
ing a human sacrifice made by the Bagobos af Talon near Digos on December 9, 
1907, T have the honor to submit herewith a full report of an investigation held 
by myself and the senior inspector of Constabulary at Davao. 

We left Davao on the morning of the 27th of December and arrived at Digos 
in the afternoon of the same day, . An order was immediately sent to the Bago- 
bos of Talon to come down to Digos to шесі us. 

On the morning of the 30th the entire population of Talon, men, women and 
children to the number of almost one hundred and fifty, arrived at Digos. They 
were informed that it was reported that a human sacrifice had been made at 
their town and that the authorities desired to know if it was so. 

Datu replied that it was true that a saerifice had been held ag stated 
and that both he and his people were ready to tell all about it, as to the best 
of their belief they had committed no crime but had only followed a religious 
custom practiced by themselves and their ancestors from time immemorial, 

From the statement made by Datu and his followers, it appears as 
follows: . 

That the Ragobos have several gods, “Bacalud,” god of the spirits; “Aganmole 
Manobo,” god of good, and his wife, the goddess “Diuata,” “Mandarangan,” * the 
god of evil (corresponding perhaps to our devil), and to whom sacrifice is made in 
order to appease his wrath, which is shown by misfortune, years of drought or 
evil befalling the tribe or its members; it is at times necessary to offer him 
human saerifice so that he will allow the spirits of the deceased to rest. They 
say that in case а Bagobo of rank or influence dies and his widow is unable to 
sceure another husband it is necessary for her to offer sacrifice to appease the 
spirit of her departed husband in order that she may secure another. In order 
that these sacrifiees be not made too frequently it is customary for the old men 
of the town to gather once each year during the time when a certain constellation 
of seven stars, three at a right angle to the other four, are seen in the heavens 
to the east at 7 o’clock in the evening; this is said to occur once a year during 


* The fact that the names of the Bagobo gods as here given differ from those 
in quotations given above may be due to a misunderstanding of the interpreter or 
it may bo that Bagobos in different localities have different names for their gods. 

* Mandarangan is believed by the Tagakaolos to live in the erater of Apo. 
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the first part of the month of December. This eonstellation of stars is called 
by the Bagobos “Balatic” and is the sign of the sacrifice; that is, if a sacrifice is 
to occur, it must take place during the period when the stars are in this position. 
The old men meet and decide if enough misfortune has overtaken the tribe or 
village during the period since the last sacrifice to render necessary another 
tribute to the god of evil. It is not necessary to offer a sacrifice for each evil, 
but when the misfortunes are considerable, a sacrifice is held to cover all. 

In this case it appears that two widows went to the datu and requested that 
he arrange a sacrifice to appease the spirits of their departed husbands who 
were bothering them. The datu called a meeting of the old men; there were 
present, besides himself, three other Bagobos, and these four decided that as 
there had not been a sacrifice since the great drought (about three years before), 
and that since that time many evils had befallen them, it would be well to offer 
a sacrifiee. These four men were sent out to find a slave for the sacrifice, the 
finder becoming the chief of ceremonies. A henchman of the datu purchased 
from a Bagobo a Bilan slave boy named Sacum, about 8 years old, who was deaf 
and eross-eyed, and who had other defects of vision making him of little or no 
value as a laborer. This boy was originally received as a slave from a Bilan as 
a wedding present, when the Bagobo married the Bilan’s daughter about a year 
before. 3 
= The henchman of the datu agreed to pay five agongs for the boy and took 
him to the house of a friend where arrangements were made for the sacrifice 
by calling on all who, for any reason had need to appease the evil spirits, to 
come and take part. Three days after the slave was bronght to this house, the 
people met at Talon near the Tnolia River a short distance from the house, this 
being the regular place of sacrifice, Among those present were sixty prominent 
men and twenty-two women of the tribe, (The datu whose picture is shosyn on 
РІ. I was there.) 

Being taken from the house, the boy Sacum was seated on the ground near the 
place of sacrifice, Пе was naked but no other preparation was made with regard 
to his person. - Upon a platform or beneh of bamboo about 2 feet high and a foot 
or two square was placed a small basket or receptacle made of the bark of the 
bunga tree, in which cach person present and taking part in the sacrifice placed 
а piece of betel nut; over this the men placed their head handkerchiefs and over 
the handkerchiefs the women laid strips of the bark of the palma tree. Upon 
this the men laid their bolos, and spears were then stuck in the ground in a eirele 
around the platform. Next, the datu, as chief of the sacrifice, made an oration 
which was about as follows: 

“O Mandarangan, chief of evil spirits and all the other spirits, come to our 
feast and accept our sacrifice. Let this sacrifice appease your wrath and take 
from us our misfortunes, granting us better times.” 

‘After this the boy Sacum was brought forward, and placed against a small 
tree about 6 feet high; his hands were tied above his head and his body was tied 
to the treo with rattan strips at the waist and knees. A spear was then placed 
at his right side at a point helow the right arm and above ihe margin of the 
rib. This lance was grasped by the two widows who, at a signal from tho lender 
of the saerifiee, forced it through the child's body, so that it сато out on the 
other side. The spear was then immediately withdrawn and the body eut in two 

"at the waist by bolos in the hands of two Bagobo men, after which the body was 
cut down and chopped into bita by the people present, each of whom was allowed 

‚ to take а small portion as а memento of the occasion, the remainder of the body 
being buried in a hole prepared for it. 

It is said that the child was deaf and almost blind and that he did not realize 
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what was to happen to him until the moment he was tied, when he began to ery; 
and furthermore, that death was almost instantaneous, the only cry being one 
uttered when the spear first entered his side. 

Datu „ а man about 60 years of age, says that in his life he has attended 
or officiated at fifty human sacriflecs, more or less, both among the Dagobos and 
Bilans, and that human sacrifice is also a practice among the Tagakaolos, although. 
he has never been present at one held by that tribe. The Dagobos do not snerifiee 
any but old and decrepit or useless slaves captured from other tribes, but the 
Bilans sacrifice even their own people. Being asked if it was customary to eat 
any portion of the body sacrificed, my informant replied that it was not customary 
nor did he know of any case where such a thing had occurred. 

The last sacrifice previous to this was held at Talon during the year of the 
drought (about 1905) when a Bilan slave, an old man who was paralyzed in one 
arm, was sacrificed by Datu , bis master. When asked if the sacrifice of 
an animal would not do as well as that of a human being, they said no, better 
to have no sacrifice at all. They appeared utterly unconscious of having com- 
mitted any erime, told their story with frankness, said it was а matter not 
talked about among their own people, but that if we wanted to know the facts 
they would give them to the authorities, They maintained that the offering of 
human sacrifices by their tribe was an old custom and as far as they knew was 
the only way to appease the wrath of the evil spirits, but they said if they were 
ordered to give the custom up they would do so even if the devil got them all. 

Tn view of the facts in this case аз brought out in the investigation, it is not 
thought that it is a ense for prosecution before the eourts, but rather one for 
religious instruction in so far as it is possible to give it. When it is considered 
that only a year and a half ago these people could not be approached by a white 
man without taking to the brush, and that now they will come down out of the 
mountains to meet the oflicials to diseuss a question of this kind, it is evident that 
they have great confidence in our Government. Р 

I explained to them that human sacrifices were wrong and would not be allowed 
by our Government, and furthermore that I could mot let them off, but would 
Write and explain everything to the provincial governor, who would deeide what- 
was to be done in the premises. These people have promised me that if I would 
assist them to seeure a good location near the coast, they would move down from 
the. mountains. I have promised them my assistance in the matter апа I intend 
to try and get them down to a point near Digos in the near future. 


. These aceounts differ in minor points, but the essential details agree 
very well. I know of no white man who has witnessed this event. The 
fact that none of our party learned about the sacrifice until we had 

` passed through the place where it took place shows how secret the whole 
affair was kept. The native foreman on a near-by American plantation, 
where we stopped for a day or two, was the prineipal actor in the scene. 

The Bagobos sre, on the whole, very traetable and well disposed to- 
ward Americans, in spite of this primitive and bloody custom. I lived 
among them for several days and felt not the least anxiety. Good judg- 
ment and tact in dealing with them will doubtless enable the provincial 
officials to indüce them to give up this practice even though they have 

+ made human sacrifices for many years, 

WARREN D. SMITH. 
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